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The  Annual  Meeting  of  the  Members  was  held  on 
Tuesday,  October  11th,  1898,  at  the  Society's  Rooms, 
Queen's  Chambers,  5,  John  Dalton  Street. 

The  President,  Mr.  John  Ridyard,  F.G.S., 
in  the  Chair. 


The  Annual  Report  of  the  Council  for  the  past  year  was 
submitted,  as  follows: — 

REPORT    OF    THE    COUNCIL. 
For  the  Session  1897-98. 

In  presenting  the  Sixtieth  Annual  Report  the  Council 
have  much  pleasure  in  congratulating  the  members  upon 
the  good  results  of  the  year's  work,  as  set  forth  in  the 
following  statements. 

The  Annual  Meeting  and  six  Ordinar}'  Meetings  were 
held  in  the  Society's  Rooms  ;  two  Ordinary  Meetings  were 
held,  as  usual,  in  the  Mining  School,  Wigan.  A  Special 
Evening  Meeting  was  held  in  January,  in  the  Museum 
Buildings,  Owens  College. 

The  Council  are  pleased  to  record  their  thanks  to  the 
President  for  his  interesting  and  entertaining  address  "  On 
the  Utility  of  Association  for  the  Promotion  of  Science  and 
of    its  Application'*;    and   also   to   the   authors   for    their 
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respective  communications,  which  appear  in  the  Transactions, 
and  who  have  so  ably  assisted  in  maintaining  the  objects  of 
the  Society,  namely  : — "  The  collection  and  diffusion  of 
knowledge  respecting  geology  and  mining." 

Important  papers  on  mining  subjects  have  been  contri- 
buted by  Mr.  Frederick  G.  Meachem,  Mr.  James  Tonge,  Mr. 
D.  H.  F.  Mathews,  Mr.  H.  Bigg- Wither,  Mr.  Thomas  Ward, 
Mr.  Henry  Hall,  Mr.  William  Saint,  Mr.  George  Caldwell, 
and  Mr.  Joseph  Dickinson;  the  latter,  it  is  hoped, 
will,  with  the  present  and  expected  further  discussion, 
form  an  exhaustive  paper  **  On  Subsidence  caused  by 
Colliery  Workings." 

Communications  of  geological  interest  were  read  by  Mr. 
G.  C.  Greenwell,  Prof.  W.  Boyd  Dawkins,  Mr.  George 
Caldwell,  Mr.  W.  E.*  Hoyle,  Mr.  Herbert  Lloyd,  Mr.  W.  S. 
Gresley,  Mr.  Robert  Humphrey,  and  Mr.  Mark  Stirrup. 

Valuable  Geological  specimens  were  exhibited  by  Messrs. 
J.  Barnes  and  W.  F.  Holroyd  and  by  Mr.  William  Saint. 

Amongst  other  valuable  specimens  received,  particular 
mention  may  be  made  of  a  collection  of  fossil  fishes  and 
reptiles,  obtained  from  the  Jarrow  Colliery,  Co.  Kilkenny, 
by  Mr.  Joseph  Dobbs. 

There  has  been  a  considerable  influx  of  new  members, 
thirty  having  been  elected  during  the  sessional  year :  on  the 
other  hand  the  losses  have  been  sixteen,  including  four  by 
death  and  twelve  by  resignations.  Eighteen  names  have 
been  removed  from  the  list. 

Of  the  four  deceased  members  whose  names  we  regret- 
fully record,  Mr.  H.  M.  Ormerod  was  a  recently  elected 
honorary  member,  and  he  and  Mr.  James  Heywood,  F.R.S., 
were  Past-Presidents.  With  these  two  gentlemen  the  names 
of  the  foimders  of  the  Society  have  all  disappeared  from  the 
roll  of  membership. 
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The  Societ)'  now  consists  of — 

Honorary  Members 12 

Life  Members 8 

Ordinary  Members 213 

Total     23;3 

Three  Excursions  took  place  during  the  session. 

The  first  on  20th  November,  1897,  to  the  Clock  Face 
Colliery,  belonging  to  the  Bold  Hall  Estates  Co.,  Ltd.,  under 
the  leadership  of  Mr.  Fairclough  and  Mr.  Henry  Wall. 
About  fortj^  members  attended.  They  were  entertained  to 
luncheon  by  Mr.  Fairclough,  Chairman  of  the  Company, 
and  afterwards  proceeded  to  the  Colliery,  where  they  viewed 
the  cores  of  the  boring  and  the  surface  works. 

The  second,  on  3rd  September,  1898,  to  Hope  and  Castleton, 
under  the  leadership  of  Messrs.  Holroyd  and  Barnes.  The 
excursion  was  postponed  from  August  27th,  owing  to  the 
wet  weather.  The  party  reached  Hope  at  3  p.m.,  and 
walked  through  the  lanes  to  Pin  Dale,  where  sections  of 
the  Carboniferous  Limestone  and  chert  beds  were  shown. 
At  the  head  of  Pin  Dale,  the  quartz  rock  and  quartzose 
limestone  were  examined  in  situ  and  specimens  obtained. 
A  paper  was  read  by  the  leaders  criticising  the  recent  paper 
on  the  Quartz  Rock,  by  Mr.  H.  H.  Amold-Bemrose,  and 
offering  new  suggestions  as  to  the  mode  of  its  deposition. 

The  third  excursion,  on  24th  September,  1898,  to  the 
Maypole  New  Winning,  belonging  to  the  Moss  Hall 
Coal  Co.,  Limited,  under  the  leadership  of  Mr.  James  Keen. 
Mr.  Keen  took  a  number  of  the  members  down  both  shafts, 
and  also  produced  a  section  of  the  strata  passed  through 
in  No.  2  Pit.  As  the  shaft  passed  through  a  small  fault  at 
the  Ince  Seam  he  promised  to  send  a  carefully  prepared 
section  of  No.  1  Shaft,  when  sunk  through  these  seams. 

The  Treasurer's  Statement  of  Accounts,  hereto  appended, 
shows  the  financial  position  of  the  Society  to  be  satisfactory. 


[Oct.,  1898, 
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The  Council,  whilst  feeling  gratified  with  the  unusually 
large  influx  of  new  members,  would  urge  upon  the  members 
generally  the  importance  of  still  larger  accessions  to  the 
Roll  of  Membership,  with  the  object  of  increasing  the 
usefulness  of  the  Society  and  its  present  income  at  the  same 
time,  and  thereby  enable  the  liabilities  of  the  Societj% 
<-hiefly  in  respect  of  printing,  rent,  rates,  and  room-attendant 
to  bo  met  without  encroaching  upon  the  invested  funds. 

The  usual  publications  have  been  received  from  kindred 
Societies  with  which  we  exchange  Transactions,  and  these, 
together  with  the  Library  and  the  Geological  Maps  of  the 
District,  are  available  for  reference  by  the  members,  daily, 
between  the  hours  of  9-30  a.m.  and  5-30  p.m.,  except  on 
Saturdays,  when  the  rooms  are  closed  at  1  p.m. 

Our  Honorary  Member,  Mr.  William  AVhitaker,  F.R.S., 
has  again  favoured  the  Society  by  giving  a  series  of  valuable 
standard  geological  books  and  pamphlets,  and  through  him 
we  have  also  received  donations  of  valuable  books  from 
Mrs.  A.  II.  Green,  the  widow  of  the  late  Professor  of 
Geolog}'  at  Oxford,  and  from  Mrs.  Topley,  the  widow  of  the 
late  Mr.  W.  Topley,  of  the  Geological  Survey. 

The  cordial  thanks  of  the  Society  are  due  to  the  authorities 
of  The  Owens  College  for  the  free  use  of  the  Lecture  Theatre 
during  the  Special  Meeting  held  there  in  January  ;  and  also 
to  the  Governors  of  the  Mining  School,  Wigan,  for  the  free 
use  of  the  building  in  which  the  Ordinary  January  and  ilay 
Meetings  were  held. 

The  Council  have  appointed  a  Committee  who,  in  con- 
junction with  the  Committee  of  the  Manchester  ^luseum, 
will  continue  the  work  of  the  systematic  collection  and 
tabulation  of  the  fossils  of  the  Lancashire  and  surrounding 
coalfields ;  the  object  being  to  ascertain,  as  far  as  possible, 
the  vertical  range  and  horizontal  distribution  of  each 
species.     With  this  object  a  circular  letter,  a  copy  of  which 
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is  appended,  was  issued  in  July  last  to  a  number  of  Colliery 
Proprietoi^s  and  others  in  the  Lancashire  and  surrounding 
coalfields.  They  appeal  to  all  interested  in  such  work,  and 
especially  do  they  solicit  the  help  and  co-operation  of 
Colliery  Owners  by  encouraging  their  officials  to  give  their 
assistance  in  this  work.  It  is  believed  that  the  inquiry  will 
residt  in  affording  data,  not  only  of  great  scientific  value, 
but  also  of  practical  use  to  those  engaged  in  the  development 
of  the  mineral  resources  of  the  district. 

In  conclusion,  the  Council,  in  reviewing  the  work  of  the 
past  year,  confidently  rely  upon  the  continued  efforts  of 
those  members  who  have  taken  an  active  part  in  promoting 
the  objects  of  the  Society,  and  they  also  cordially  appeal  to 
the  general  body  of  members  to  assist  by  taking  a  personal 
share  in  the  Society's  proceedings. 


Copy  of  the  letter  referred  to  in  the  Report : — 

MANCHESTEE    GEOLOGICAL     SOCIETY. 
Instituted  1838. 


Queen'8  Chambers,  5,  John  Dalton  Street, 

Manchester,  July  22nd,  1898. 
Dear  Sir, 

The  Committee  of  the  Council  of  the  Manchester  Geological  Society, 
in  conjunction  with  the  Commitee  of  the  Manchester  Museum,  Owens 
College,  has  recently  had  under  consideration  the  advisability  of 
again  asking  the  attention  of  Colliery  Proprietors  to  the  necessity 
which  exists  not  only  of  a  larger  and  more  intimate  knowledge  of  the 
features  which  distinguish  the  various  beds  which  go  to  make  up  the 
Coal  Measures  of  Lancashire  and  the  adjoining  district,  but  also  to 
the  encouragement  of  a  systematic  collection  of  their  fossils. 

The  present  time  seems  an  opportune  one  to  bring  this  subject 
under  your  notice,  seeing  that  you  and  other  proprietors  are  already 
engaged  in  explorations  having  for  their  object  the  proving  of  new 
ground,  or  the  deepening  of  already  existing  pits. 

The  main  object  which  the  subscribers  have  in  view  may  perhaps 
be  better  understood  by  the  following  paragraphs,  extracted  from  the 
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circular  on  the  same  subject  issued  by  the  Manchester  Geological 
Society  in  January,  1893  : — 

**  The  object  in  view  is  to  ascertain  the  distribution  in  time 
and  space,  or  in  other  words,  the  vertical  and  horizontal  distri- 
bution of  all  fossil  organisms,  plant  and  animal,  which  are  to  be 
found  in  the  Coal  Measures,  to  note  their  presence,  relative 
frequency  and  abundance  in  certain  beds,  and  to  record  any  facts 
that  may  come  to  light  with  regard  to  their  life-history. 

*'  The  information  thus  gathered  will,  it  is  expected,  be  of 
great  scientific  value,  and  it  is  confidently  hoped  that  it  will  be 
the  means  of  determining  and  correlating  the  various  seams  in 
different  parts  of  the  coalfield  whose  position  is  doubtful,  and 
which  have  been  disturbed  by  faidting  and  other  causes. 

**  Similar  work  has  long  been  accomplished  in  many  of  the 
Continental  Coalfields,  enabling  the  Palaeontologists  to  guide  with 
success  the  researches  of  those  exploring  new  ur  unknown  ground. 

"  On  these  grounds  the  Committee  appeal  to  all  interested  in 
such  work,  and  especially  do  they  solicit  the  help  and  co-opera- 
tion of  Coal  Owners  and  their  Agents,  who,  by  encouraging  their 
Managers  to  give  their  assistance,  and  by  according  them  per- 
mission to  collect  and  forward,  from  time  to  time,  any  specimens 
of  fossil  plants,  fishes,  and  shells  which  may  be  found  at  the 
pits  under  their  charge  may  thus  afford  valuable  aid. 

**  The  Committee  will  be  glad  to  hear  from  you,  as  to  what 
help  you  can  give,  and  will  be  pleased  to  receive  suggestions  in 
furtherance  of  their  object." 

Signed, 

Gborge  B.  Harrison,  n 

D.  H.  F.  Mathews,     /         Members 

W.  Boyd  Dawkins,     I  of  the 

Mark  Stirrup,  I  Joint  Committee. 

William  E.  Hoyle,    J 

William  Saint,  | 

Georoe  H.  Winstanley,  j 

N.B. — To  ensure  the  best  scientific  results  it  is  necessary  that 
the  fossils  should  be  collected  and  preserved  with  care,  and  labelled 
with  the  locality,  exact  horizon  or  bed  whence  taken ;  noting  their 
rarity  or  plenteousness,  as  well  as  any  facts  that  are  likely  to  be  of 
interest  to  the  geologist  or  palaeontologist. 
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Mr.  W.  S.  Barrett  said:  I  have  great  pleasure  in 
moving  that  the  report  be  adopted  ;  and  in  doing  so  I  may 
say  that  I  think  there  is  a  great  deal  in  the  report  which  is 
matter  for  congratulation.  The  papers  named  are,  some  of 
them,  of  very  great  interest  to  the  geological  and  also  to 
the  mining  world ;  and  the  Society,  I  have  no  doubt,  feels 
greatly  indebted  to  the  gentlemen  who  gave  so  much  time 
and  trouble  to  the  preparation  of  those  papers.  It  is  very 
satisfactory  to  learn  from  the  report  that  there  has  bc^en 
an  influx  of  members  during  the  past  year  and  it  will 
be  more  gratifying  still  if  the  number  can  be  further 
increased.  There  is  one  matter  of  very  great  regret  we 
cannot  help  mentioning — we  are  always  sorry  and  grieved 
at  the  loss  of  members  by  death.  One  name  is  mentioned 
in  the  report  which  must  appeal  to  those  of  us  who  have 
been  members  of  the  Society  for  any  length  of  time.  We 
all  feel  how  sad  the  loss  is  of  our  friend  Mr.  Ormerod.  I 
have  been  a  member  for  very  many  years,  and  I  have  felt 
him  to  be  a  piUar — one  of  the  ancient  pillars  I  may  say — of 
this  Society  ;  and  when  we  lose  such  a  member  we  should 
mark  it,  at  any  rate,  with  a  passing  word.  With  regard  to 
our  accounts,  they  are  not  less  favourable  than  they  were 
last  year,  and  I  trust  they  will  be  found  even  more  favour- 
able next  year. 

Mr.  G.  C.  Grkknwei.l,  Jun.,  seconded  the  motion  and 
the  report  was  adopted — together  with  the  Statement  of 
Accounts  presented  by  the  Treasurer — unanimously. 


ELECTION   OF  OFFICERS. 


The  President  said  the  next  business  on  the  agenda  was 
the  election  of  officers  and  members  of  the  Council  for  the 
coming  session.  The  Council  had  met  and  considered  a  list 
of  those  whose  names  should  be  submitted  to  the  meeting  for 
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adoption.     Tlie  first  officer  to  be  elected  was  the  President 
for  1898-99. 

Mr.  Mabk  Stirrup  said  :  I  beg  to  propose  that  Mr.  Clegg 
Liresey,  J.P.,  our  present  Treasurer,  be  elected  President  for 
the  ensuing  year.  I  think  Mr.  Livesey  is  known  to  most — 
certainly  to  the  older — members  of  the  Society ;  he  is  one 
of  those  "  props  "  of  whom  Mr.  Barrett  has  so  well  spoken, 
and  in  him  we  shall  have  a  gentleman  at  our  head  whom 
everj'one  will  respect.  There  will,  I  am  sure,  be  no  short- 
coming on  his  part  during  his  year  of  office. 

Mr.  RiDYARD :  I  have  very  great  pleasure  in  seconding 
the  proposition  of  Mr.  Stirrup.  I  felt,  myself,  the  honour 
of  being  appointed  to  this  position  last  year,  and  I  feel  it 
doubly  an  honour  when  I  can  be  succeeded  by  a  gentleman 
like  Mr.  Clegg  Livesey,  whom  I  have  known  for  many  years 
as  a  gentleman  practically  connected  with  colliery  working 
and  an  able  geologist. 

Mr.  Dickinson  said  he  believed  the  Council  had  chosen 
the  very  best  man  for  the  position,  and  he  was  sure  the 
meeting  would  elect  him  unanimously. 

The  proposition  was  then  put  to  the  meeting  and  carried 
unanimously. 

Mr.  Dickinson  proposed  as  Vice-Presidents  Mr.  John 
Gerrard,  Mr.  George  Peace,  Mr.  Samson  Garside,  and 
Mr.  D.  H.  F.  Mathews. 

The  proposition  was  seconded  by  Mr.  W.  F.  Holroyd, 
and  unanimously  adopted. 

Mr.  Stirrup  in  moving  that  Mr.  Clegg  Livesey,  the 
newly-elected  President,  be  re-appointcd  Honorary  Treasurer 
of  the  Society,  said :  Mr.  Livesey  is  already  our  esteemed 
Treasurer,  and  members  will  readily  understand  that  it  would 
be  inconvenient  as  well  as  undesirable  to  make  any  change. 
In  appointing  him  Honorary  Treasurer,  as  well  as  President, 
we  have  a  precedent  in  the  case  of  our  late  lamented  Treasurer, 
Mr.Ormerod,who  during  his  presidential  year  held  both  offices. 

U 
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Mr.  Dickinson  :  I  have  much  pleasure  in  seconding  that 
proposition. 

The  proposition  was  unanimously  agreed  to. 

Mr.  Stirrup  said :  We  have  now  to  appoint  two  gentle- 
men to  the  important  position  of  Honorary  Secretaries.  The 
Council  recommend  Mr.  William  Saint,  H.M.I.M., — ^already 
an  Honorary  Secretary — and  with  him  Mr.C.R.  Lindsoy,  B.Sc., 
in  place  of  Mr.  G.  H.  Winstanley,  who  wishes  to  retire. 
Mr.  Winstanley,  I  should  state,  retires  solely  on  account  of 
his  business  engagements  not  admitting  of  his  giving  the 
necessary  time  to  the  duties  of  the  Secretaryship. 

The  motion  was  seconded  by  Mr.  G.  C.  Grekxwell,  Jun., 
and  unanimously  passed. 

Mr.  Ridyard:  The  Coimcil  have  thought  it  well  that 
some  gentleman  should  be  asked  to  take  the  post  of  Librarian, 
to  arrange  our  valuable  collection  of  books.  Mr.  Mark 
Stirrup  was  asked  if  he  would  undertake  the  duty,  at  least 
as  a  preliminary  step,  and  I  am  pleased  to  say  that  he  has 
consented  to  do  so.  We  hope,  in  a  few  months,  after  they 
have  been  under  his  master  hand,  the  treasures  we  possess 
on  these  shelves  will  be  so  arranged  that  any  member  will 
be  able  to  find  the  book  he  wants  without  difiiculty  or  loss 
of  time.     I  propose  the  appointment  of  Mr.  Stirrup. 

The  resolution  was  duly  seconded  by  Mr.  George  Peace, 
and  carried  unanimously. 

Mr.  Dickinson  :  The  members  ought  to  be  very  much 
obliged  to  Mr.  Stirrup  for  undertaking  this  duty.  The 
Library  needs  re-arranging,  and  the  work  is  such  as  few 
who  are  capable  of  doing  it  would  undertake.  The  Council 
feel  very  much  obliged  to  him  indeed. 

Mr.  Stirrup  :  I  do  not  know  whether  I  ought  to  thank 
the  members  for  the  position  to  which  they  have  elected  me; 
it  is  one  that  will  involve  very  hard  work,  and  which  no 
other  member  seemed  willing  to  imdertake. 
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The  following  list  of  gentlemen,  nominated  as  other  mem- 
bers of  the  Coimcil  for  the  coming  year,  was  next  submitted 
to  the  meeting  and  unanimously  adopted  :  Messrs.  James 
Atherton,  W.  N.  Atkinson,  J.  Barnes,  W.  S.  Barrett, 
H.  H.  Bolton,  jun.,  J.  Crankshaw,  G.  B.  Harrison, 
G.  H.  HoUingworth,  W.  F.  Holroyd,  S.  S.  Piatt,  G.  H. 
Winstanley,  H.  A.  Woodward. 

The  following  Past-Presidents  continue  ex-officio  member.s 
of  the  Council :— R.Clifford  Smith,  F.G.8.,  the  Right  Hon.  the 
Earl  of  Crawford  and  Balcarres,  Sir  U.  J.  Kay-Shuttleworth, 
Bart.,  M.P.,  G.  C.  Greenwell,  F.G.S.,  M.Inst.C.E.,  Edward 
Pilkington,  J.P.,  Professor  W,  Boyd  Dawkins,  M.A., 
F.R.S.,  F.G.S.,  Joseph  Dickinson,  F.G.S.,  Henry  Hall, 
H.M.I.M..  John  S.  Burrows,  F.G.S.,  James  Tonge,  F.G.S., 
Assoc.M.In8t.C.E.,  W.  Saint,  H.M.I.M.,  Robert  Winstanley, 
C.E.,  W.  Watts,  F.G.S.,  Mark  Stirrup,  F.G.S.,  John 
Ridyard,  F.G.S. 

Messrs.  George  H.  HoUingworth  and  H.  A.  Woodward 
were  re-appointed  Honorary  Auditors. 

Mr.  Ridyard  said  :  That,  so  far  as  the  election  of  officers 
is  concerned,  concludes  the  business.  I  am  reminded, 
however,  by  Mr.  Clegg  Livesey  that,  owing  to  the  death  of 
Mr.  Ormerod,  who  was  a  Trustee  of  the  Society  along  with 
himself,  it  will  be  necessary  to  appoint  another  gentleman  to 
that  position.  It  is  the  duty  of  the  Trustees  to  take  charge 
of  the  Society's  investments,  and  to  be  responsible  for  the 
safe  custody  of  all  securities. 

Mr.  W.  S.  Barrett  :  I  know  no  one  who  is  better  fitted 
to  hold  that  position  of  responsibility  than  our  friend  Mr. 
Joseph  Dickinson,  one  of  our  oldest  and  most  respected 
members.  I  beg  to  move  that  he  be  appointed  a  Trustee  in 
place  of  Mr.  H.  M.  Ormerod  deceased. 

The  motion  was  seconded  and  unanimously  passed. 


12  |_Oct.,  1898, 

NEW    MEMBERS. 


The  following  gentlemen,  who  had  been  duly  nominated, 
were  balloted  for  and  imanimously  elected  ordinary  members 
of  the  Society  : — 

Mr.  John  H.  W.  Laverick,  Pye  Hill  House,  Alfreton, 

Derbyshire. 
Mr.  Georgk  F.  Clark,  Bickershaw  Collieries,  Leigh, 

Lanqashire. 
Mr.  Ernest  Douglas,  Mining   Engineer,   Pemberton 

Collieries,  Wigan. 


VOTES    OF    THANKS. 


Mr.  Clegg  Ltvesey  having  taken  the  chair, 

Mr.  Burrows  proposed  that  the  best  thanks  of  the  meet- 
ing be  given  to  the  retiring  President,  Mr.  John  Ridyard, 
for  his  conduct  in  the  chair  during  the  past  year. 

The  motion  was  seconded  by  Mr.  Holroyd,  and  imani- 
mously passed,  amidst  cheers. 

Mr.  Ridyard  briefly  acknowledged  the  compliment. 

The  new  President,  Mr.  Clegg  Livesey,  said:  I  wish  to 
thank  the  members  for  having  elected  me  as  their  President. 
It  was  with  some  diffidence  that  I  accepted  the  position, 
knowing  what  the  work  is,  and  the  amount  of  time  it  will 
take  up ;  but  some  of  the  leading  members  of  the  Society 
have  very  kindly  promised  me  all  the  help  I  may  need. 
I  feel  very  grateful  to  you,  gentlemen,  for  your  kindness. 

Mr.  Alfred  Tonge  proposed  and  Mr.  Ridyard  seconded 
a  vote  of  thanks  to  the  retiring  members  of  the  Council, 
which  was  unanimously  passed. 
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EXHIBITION    OF   MINERALS,  FOSSILS,  AND 
FLINT   IMPLEMENTS. 


Attention  was  called  to  a  series  of  collections  on  the 
tables,  namely : — 

A  few  polished  specimens  of  Devonian  and  Carboniferous 
Coral  Limestones,  by  Mr.  Mark  Stirrup. 

A  collection  of  flint  implements  (Neolithic)  from  the 
Yorkshire  Moors,  by  Messrs.  J.  Barnes  and  W.  F.  Holroyd. 

A  collection  of  fossil  fishes  and  reptiles,  from  the  Jarrow 
Colliery,  Co.  Kilkenny,  by  Mr.  Joseph  Dobbs. 

Clay  ironstone  nodules  from  the  Lough  Allen  Coalfield, 
by  Mr.  Joseph  Byans. 

Specimen  of  the  "Cockle  Shell  Bed,"  from  Chisnall  Hall 
Colliery,  by  Mr.  Owen  Hughes. 

A  few  specimens  of  French  and  Irish  Bauxite,  by  Mr. 
WiUiam  Saint. 

Mr.  Stirri:p  said :  It  may  be  well,  before  the  meeting 
breaks  up,  that  something  should  be  said  about  the  specimens 
here  displayed.  Mr.  Saint  has  unfortunately  been  called 
away,  or  I  have  no  doubt  he  would  have  said  something  with 
regard  to  those  valuable  specimens  from  the  Jarrow  Colliery, 
County  Kilkenny,  which  he  has  been  the  means  of  procuring, 
and  which  have  been  given  to  the  Society  by  one  of  our 
members,  Mr.  Dobbs.  The  Jarrow  Colliery  has,  I  may  say, 
been  noted  for  many  years  for  its  valuable  remains  of  fishes 
and  reptiles — remains,  I  believe,  which  have  not  been  found 
so  abundantly  in  any  other  part  of  the  kingdom.  It  was 
expected  that  we  shoidd  before  this  have  had  them  in  a 
proper  state  to  present  to  the  Owens  College  Museum, — 
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which  I  belieye  is  to  be  their  iiltimate  destination,  for  they 
are  much  too  fine  specimens  to  be  in  the  hands  of  any  private 
individual, — ^but  no  opportunity  has  yet  been  presented  of 
having  them  accurately  named.  Mr.  Saint  some  weeks  ago 
placed  them  in  my  hands,  and  I  wrote  to  the  best  authority 
I  knew,  a  friend  of  my  own,  Mr.  A.  Smith  Woodward,  of  the 
British  Museum,  who  has  promised  me  that  he  will,  if 
possible,  come  down  to  Manchester  towards  the  end  of  this 
month,  and  give  his  attention  to  the  naming  of  these 
specimens.  I  think  Mr.  Smith  Woodward  will  be  doing 
the  Society  a  great  honour  in  naming  these  fossils  and 
giving  us  his  views  thereon.  They  are  worthy  of  being 
taken  care  of,  and  when  they  are  consigned  to  the  Museum 
they  will  be  open  to  the  inspection  of  everyone  who  takes, 
an  interest  in  these  wonderfid  remains  of  a  long  past 
geological  epoch.  Mr.  Stirrup  also  called  attention  to 
portions  of  the  other  collections,  which  were  of  special 
interest. 

Mr.  Holroyd,  in  describing  the  specimens  of  the  Neolithic 
Flint  Instruments  from  the  Yorkshire  Wolds,  exhibited  by 
Mr.  Barnes  and  himself,  said  : — 

The  specimens  exhibited  by  Mr.  Barnes  and  myself  com- 
prise a  series  which  are  representative  of  the  kind  usually 
found  on  the  Yorkshire  Wolds,  from  Bridlington,  north- 
wards, to  Saltburn.'  The  specimens  were  obtained  from  the 
districts  of  Filey,  Gauton,  Hunmanby,  and  Wold  Newton. 
They  are  usually  remarkable  for  their  small  size,  exquisite 
form,  and  varied  outline,  often  imitating  natural  leaves, 
such  as  that  of  the  willow  tree,  and  may  be  classified  imder 
the  following  heads,  viz. : — 

1.  Scrapers. 

2.  Borers  or  Awls. 

3.  Strike-a-lights. 

4.  Lance  and  Spear  Heads. 


Tnuis.Mxru  Geo.  Sihi  Ibrcl    VhUXYT. 
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5.  Arrow  Tips. 

6.  Knives,  curved  and  straight. 

7.  Skinning-blades. 

8.  Leaf-shaped  Implements. 

9.  Stemmed  Arrow  Heads. 

10.  Barbed  Arrow  Heads. 

11.  Arrow  Heads  with  one  tang. 

12.  A  few  Battle  Axes  of  other  kinds  of  stone,  not  flint, 

and  ground  at  the  edge  for  chisels  or  battle  axes. 

Most  of  the  specimens  are  extremely  delicate  in  outline, 
and  illustrate  well  the  great  amount  of  care  and  skill  which 
must  have  been  bestowed  upon  them.     (See  Plate  I.) 

It  is  probable,  judging  from  some  of  the  specimens,  that 
they  were  finished  at  the  tip  first,  and  that  afterward  the 
barbs  and  tang  at  the  base  were  developed,  as  some  of  the 
specimens  have  only  one  barb,  in  others  the  tang  is  broken, 
and  the  implement  has  probably  been  rejected.  There  are 
also  very  curious  triangular  forms.  None  of  these  flint 
implements  has  been  ground,  but  only  chipped  with  great 
care.     The  curved  knives  are  particularly  interesting. 

Other  thick  flints  seem  to  have  been  used  as  chisels,  and 
for  chipping  the  more  delicate  arrow  tips.  All  the  flints 
exhibit  the  usual  weathered  appearance  due  to  lying  so  long 
in  the  soil,  and  when  broken  by  accident  or  design  always 
show  a  much  darker  internal  structure.  The  battle  axes  are 
in  almost  every  case  broken  in  two,  and  it  is  very  di£Sicult 
to  obtain  a  whole  one.  The  skin  scrapers  are  mostly  of  a 
horse-shoe  shape,  with  a  blunt  thick  base,  a  clean  face, 
produced  at  one  stroke,  on  one  side,  and  a  chipped  edge  on 
the  other.  They  vary  in  size  from  1  J-inches  to  |-inch  in 
length ;  some  few  are  kite-shaped,  being  broad  at  the  top 
and  attenuated  below.  They  have  all  upon  them  more  or 
less  evidence  of  wear. 
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The  leaf-patterned  implements  are  extremely  elegant  and 
neat,  some  almost  circular,  others  elliptical,  while  others 
again  are  spathulate. 

An  interesting  discussion  followed  upon  the  modes  of 
determining  the  authenticity  of  implements  in  general,  and 
Mr.  Holroyd  showed  that  there  were  many  interesting 
points  of  difference  between  the  genuine  flint  implements 
and  those  made  by  that  fabricator  of  spurious  flint  imple- 
ments known  by  the  name  of  "  Flint  Jack." 

On  the  motion  of  Mr.  Dickinson  the  thanks  of  the 
meeting  were  accorded  to  the  various  exhibitors. 

This  concluded  the  business  of  the  meeting. 
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Edinburgh. — Royal  Geological  Society.  Transactions.  Part  3, 
Vol.  VII.     From  the  Society, 
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Society. 

Hamilton. — Mining  Institute  of  Scotland.  Transactions.  Included 
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and  Nos.  1,  2,  3,  4,  5,  6,  7,  8,  9,  10,  Vol.  V.     Purchased, 
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and  Mechanical  Engineers.  Transactions.  Included  in  the 
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Stafford.— North  Staffordshire  Field  Club.  Vol.  XXXII.,  1897-8. 
From  the  Club. 

Stoke-on-Trent. — North  Staffordshire  Institute  of  Mining  and 
Mechanical  Engineers.  Proceedings.  Included  in  the  Trans- 
actions of  the  Institution  of  Mining  Engineers.  IVom  the 
Institution. 

Swansea. — South  Wales  Institute  of  Engineers.  Proceedings. 
Parts  6,  7,  8,  Vol.  XX. ;  and  Part  1,  Vol.  XXI.  From  the 
Institute. 

Truro. — Royal  Institution  of  Cornwall.  Transactions.  Parts  2-3, 
Vol.  XIII.     From  the  Institution. 
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Pamphlets  and  Reports. — English  and  Foreign. 

Mineral  Statistics  of  the  Mines  and  Quarries  for  1897;  Annual 
Report  for  S."W.  District ;  also  H.M.  Inspector's  Report 
of  Mines  and  Quarries,  1897.  London.  Presented  by 
Joseph  8.  Martin. 

A  large  number  of  valuable  pamphlets  relating  to  Geological 
subjects.     Through  Mr.    JF.   IFhitaker,  F.B,S. 
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India. 

Calcutta. — Records  of  the  Geological  Survey  of  India.  Part  4, 
Vol.  XXX.     From  the  Qavemor  General  in  Council,, 

Australia. 

Adelaide. — Royal  Society  of  South  Australia.  Transactions.  Part 
2,  Vol.  XXI. ;  also  Part  1,  Vol.  XXII.     From  the  Society. 

Sydney.  — The  Australian  Mining  Standard  :  A  record  of  Mining, 
Financial,  and  Engineering  Progress,  Nos.  463-471,  473-474, 
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Sydney. — Geological  Survey  of  New  South  Wales :  Department  of 
Mines.  Records,  Part  4,  Vol.  V.  From  the  Hon.  the  Minister 
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Sydney. — Royal  Society  of  New  South  Wales.  Journal  and  Pro- 
ceedings, Vol.  XXXI,  1897. 

Sydney. — Australian  Association  for  the  Advancement  of  Science. 
Vol.  I.     From  the  Association: 

Sydney. — Institution  of  Mining  Engineers.     Proceedings,  1898. 

Canada. 

Halifax,  N.S. — Nova  Scotian  Institute  of  Science.      Proceedings 
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Hamilton. — ^Hamilton  Association.    Journal  and  Proceedings  for 

1897-8.     From  the  Association. 
Ottawa. — Canadian  Mining  Review.     Nos.  10-12,.  Vol.  XVI. ;  and 

No9.  1-7,  Vol.  XVII.     From  the  Editor. 
Ottawa. — Geological    and   Natural    History   Survey    of    Canada. 

Part  3,  Vol.  III.     From  the  Director  of  the  Survey. 
St.  John,   New   Brunswick. — Natural   History   Society  of  New 

Brunswick.     Bulletin  16.     From  the  Society. 
Toronto. — Canadian  Institute.     Transactions.     Parts  2,  4,  5,  Vol. 

I.  (New  Series).     From  the  Institute. 

U.S.  America. 

Baltimore. — Maryland  Geological  Survey,  Vol.  I.     From  the  State 
Oeohgist. 
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Cambridge. — Harvard  College.     Bulletin  of  the  Museum  of  Com- 
parative Zoology.    Nos.  1,  2,  3,  4,  5,  6,  7,  Vol.  XXXI. ;  and 

Nos.  1,  2,  3,  4,  5,  6,  7,  8,  Vol.  XXXII.    Frotn  AUx,  Aga^iz, 
Chapel  Hill,  No.  Carolina. — The  Elisha  Mitchell  Scientific  Society. 

Nos.  1,  2,  Vol.  XIV. 
Chicago. — Field   Columbian  Museum.      Parts  1-9,   Vol.   XXVI. 
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Denver. — Colorado  Scientific  Society.     Proceedings  and  Pamphlets. 

From  the  Society. 
Indiana. — Department    of    Geological  and    Natural     Resources. 

Annual  Report. 
Iowa. — Geological    Survey   of.      Vols.  VI.  and  VII.      From  the 

Director  of  the  Survey. 
Madison. — Wisconsin  Academy.     Reports,  1896-7. 
Minneapolis. — The  American  Geologist.      Nos.  4,  5,  6,  Vol.  XX. ; 

Nos.   1,  2,  3,  4,  5,  6,  Vol.  XXI.;  and  Nos.   1    and  2,  Vol. 

XXII.     Purchased. 
Minneapolis. — The  American  Geologist.     Vols.  I.  to  XI.     Bound. 
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New  York. — The  American  Museum  of  Natural  History.    Bulletin, 

Vol.  IX. ;  also  Annual  Report  for  1897.     From  the  Museum. 
Philadelphia. — Franklin  Institute.     Journal.     Nos.  863  and  864, 

Vol.  CXLIV.;  Nos.  1,  2,  3,  4,  5,  6,  Vol.  CXLV. ;  and  Nos. 

1,  2,  3,  Vol.  CXLVI.     From  the  Institute. 
Philadelphia. — Academy  of  Natural  Sciences.    Proceedings.    Parts 

2  and  3,  1897-8.     From  the  Academy. 
Rochester. — Geol.  Soc.  of  America.     Vols.  I.,  II.,  III.     Bound. 

Through  Mr.  W.  Whitaker,  F.R.S. 
Scranton,  Pa.— Mines  and  Minerals.     Journal.     Nos.  3-12.     Vol. 

XVIII.;  and  Nos.  1  and  2,  Vol.  XIX.   From  the  Editor. 
Washington. — Smithsonian  Institute.     Reports  of  the  U.S.  State 

Museum,  1895. 
Washington. — Geological  Survey  of    Mineral   Resources   of    the 

United  States. 
Washington. — Atlas  to  accompany   Monograph  XXVIII.  of  the 

Marquette  Iix)n-bearing  District,  1896. 


Vol.  XXvi.]  ADDITIONS   TO   THE    LIBBART.  27 

FOBEION. 

Berlin. — Gesellschaft   fiir  Erdkunde:   Zeitschrift,  Nos.  4,    5,    6, 

Vol.  XXXII.;  No8.  2,  3,  Vol.  XXXIII.;  Verhandlungen, 

Nos.  8,  9,  10,  Vol.  XXIV. ;    Nos.  1,  5,  6,  Vol.  XXV.    From 

the  Society. 
Berlin. — Zeitschrift     der    Deutschen    Geologischen    Gesellschaft. 

Parts  2,  3,  4,  Vol.  XLVIII, ;  Part  3,  Vol.  XLIX. ;  Part  1, 

Vol.  L.     From  the  Society. 
Bxnssels. — Societe    Royalo  Malacologiquc  de  Belgique.     Annales 

1893-4-5-6.     Frtm  the  Society. 
Caen. — Societe  Geologique  du  Nord  (5th  Series),  Vol.  I.    From 

the  Society. 
Cliristiania. — Archiv   Mathematik  og    Naturridcnskab.     Part   4. 

Vol.  XIX.;  Parts  1,  2,  Vol.  XX. 
Freiburg. — Naturforschenden  Gesellschaft;  of  Freiburg.     Parts   1, 

2,  3,  Vol.  X. 

Halle,   A/S. — Mittbeilungen   des  Vereins  fur   Erdkunde.     1897. 

From  the  Society. 
Helsingfors. — Commission    de    la   Geologique    de    la    FinlaDde^ 

Parts  1,  2,  3.  4,  5,  6,  Vol.  I.      From  the  Director. 
Eieff  (Russia). — La  Society  des  Naturalistes.  Memoires,  1896-7-8. 
lille.— Society  Geologique  du  Nord.    Annales,  Vol.  XXIV.,  1896, 

and  Vol.  XXV.,  1897. 
Mexico. — Sociedad   Cientifica   *' Antonio   Alzate."     Mcmorias  Y. 

Bevista.     Nos.  5,  6,  7,  8,  9,  10,  11,  12,  Vol.  X.;   Nos.  1,  2. 

3,  4,  Vol.  XI. 

Naples. — Bendieonti   dell'    Accademie   Scienze  Fisiche  e  Mathe- 

matiche.      Nos.  1,  2,  3,  4,  5,  6,  3rd  Series,  Vol.  IV.      From 

the  Academy, 
Paris.— Society   de   Speleogique.      Bulletin.     No.    2,    Vol.    III. 

From  the  Society. 
Borne. — Atti  della  Beale  Accademia  dei  Lincei  Bendieonti.     Nos.  9^ 

10,   11,   12,  Vol.  VI.;  and   1,   2,   3,  4,  5.   6,  7,  8,  9,  12] 

Vol.  VII.     From  the  Academy. 
St.  Petersburg. — Comity  Geologique.     Bulletin.     Nos.  3,  4,  5,  6, 

7,  8,  9,  Vol.  XVI. ;  also  Supplement  to  Vol.  XVI.    From  the 

Society. 


28  LIST   OF   EXCHANGES.  [Oct.,   1898, 

St.  Petersburg. — L'Academie  Imperiale  des  Sciences.  Bulletin, 
V.  Series,  Nos.  2,  3,  4,  5,  Vol.  VII.;  Nos.  1,  2,  3,  4. 
Vol.  VIII.      From  the  Academy. 

Vienna. — K.  K.  Naturhistorischen  Hof  museums.  Annalen.  No.  1, 
Vol.  XI.     From  ths  Museum, 


Societies  with  which  the  Societt  Exchanges  its  Tuansactioks, 
and  institmons  and  joubnals  to  which  a  copt  is  bent  freb. 

I. — England. 

London    British  Association    for    the  Adyancement    of 

Science,  Buriington  House,  London. 
British  Museum,  Superintendent  of  Copyright's 

Office. 
British     Museum    Library,     Natural     History 
Department,  Cromwell  Road,  Kensington. 
Geological  Society,  Burlington  House,  W. 
.    Geological  Survey,  Jermyn  Street,  S.W. 

Geologists'     Association,     Uniyersity     College, 

Gower  Street,  W.C. 
Institute    of    Mechanical    Engineers,     Victoria 

Street.  S.W. 
Iron  and  Steel  Institute,  Victoria  Mansions,  S  W. 
«  Royal  Institution  of  Great  Britain 

Royal  Society,  Burlington  House,  W. 
Public  Library,  Kensington,  High  Street,  W. 

Manchester The  Manchester  Association  of  Engineers,  Grand 

Hotel,  Aytoun  Street. 
Field  Naturalists'  Society.  16,  Kennedy  Street, 
Free  Library,  King  Street. 
Literary  and  Philosophical  Society,  36,  George 

Street. 
Manchester  Geographical  Society,  16,  St.  Mary's 

Parsonage. 
The  Owens  College. 
Salford  Royal  Museum  and  Library. 
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BarmUy, Midland  Institute  of  Mining  Engineers. 

Birmingham   ....  Free  Library  and  Museum. 

South  Staffordshire  and  East  Worcestershire 
Institute  of  Mining  Engineers,  Colmore 
Chambers,  3,  Newhall  Street. 

Bradford    Public  Free  Library,  Bradford,  Yorkshire. 

Bristol    Naturalists'  Society,  Clifton. 

Oamhridge Geological  Museum,  University. 

University  Library. 

Cardiff Naturalists*  Society,  44,  Loudoun  Square. 

South  Wales  Institute  of  Mining  and  Mechanical 
Engineers,  Park  Place,  Cardiff. 

Ch$9Ur   Society  of  Natural  Science,  Grosvenor  Museum. 

Chesterfield Chesterfield  and  Midland  Counties  Institution  of 

Mining  Engineers,  13,  Cavendish  Street. 

Cornwall    Eoyal  Geological  Society,  Penzance. 

Royal  Institution,  Truro. 
Mining  Association  and  Institute  of  Cornwall, 
TuckingmiU,  Camborne. 

E%ux Essex  Field  Club,  Chelmsford,  Essex. 

Exeter    Albert  Memorial  Museum. 

Leede Philosophical  and  Literary  Society. 

Yorkshire  Naturalists'  Union  (W.  D.  Eoebuck, 

Esq.,   Hon.   Librarian,    259,   Hyde    Park 

Road,  Leeds). 
Geological  Association,  Mechanics'  Institution, 

Cookridge  Street. 

Leicester Literary  and  Philosophical  Society. 

Liverpool    Free  Library  and  Museum. 

Geological  Association,   Free  Library,   William 

Brown  Street. 
Geological  Society,  Royal  Institution. 
Science  Students'  Association,  Royal  Institution, 

Colquitt  Street. 
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Mirfield Geological  and  Polytechnic  Society  of  Yorkshire, 

Hoptown,  Mirfield.  . 

NetDcastU-on-Tymla^titQiion  of  Mining  Engineers. 

Korth    of    England    Institute   of  Mining    and 
Mechanical  Engineers. 

Neweastle-under- i^orih    Staffordshire   Naturalists'    Field    Club. 
JLyme    f      (W.  Wells  Bladen,  Esq.,  Stone,  Staffordshire). 

Nartctch Norfolk  and  Norwich  Naturalists'  Society. 

Oxford      Bodleian  Library. 

Eadcliffc  Library. 

North  Shields Public  Free  Library. 

Rochdale Literary  and  Scientific  Society,   105,  Freehold 

Street. 

Southampton  ....  Hampshire  Field  Club,  Harley  Institution. 

Stoke-on-Trent  ..North  Staffordshire  Institute  of  Mining  and 
Mechanical  Engineers. 

Warwick Natural  History  Society. 

Watford,  Herte  . .  Hertfordshire  Natural  History  Society  and 
Field  Club,  the  Public  Library,  Watford. 
(Daniel  Hill,  Esq.,  Hon.  Librarian,  Herga, 
Watfoid,  Herts). 

Wigan    Free  Library. 

Mining  School. 

II. — ScOTLAlfD. 

Dundee    Free  Library  and  Museum. 

Edinburgh Advocates'  Library. 

Geological  Society. 

Royal  Society. 

Eoyal  Physical  Society. 

Glaegotc Geological  Society. 

Natural  History  Society. 

Hamilton    Mining  Institute  of  Scotland. 
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III. — Ireland. 

Dublin     Royal  Dublin  Society. 

Trinity  College  Library. 

Belfast    Natural  History  Society,  the  Museum. 

IV. — AUSTHALIA. 

Adelaide Royal  Society  of  South  Australia  (W.  C.  Rigby^ 

74,  King  William  Street,  Adelaide). 

Melbourne   Geological  Society  of  Australasia,   17a,  Queen 

Street. 
Public  Library  of  Victoria. 

Sydney    Free  Public  Library. 

Royal     Society     of    New    South    Wales,    37, 

Elizabeth  Street. 
Department    of    Mines. — The  Honourable    the 

Minister  of  Mines. 
Australian  Mining  Standard,  108,  Pitt  Street. 

v.— Canada. 
^tia          ^  \  ^°^^  Scotian  Institute  of  Natural  Science. 
Mamilion    Hamilton  Association. 

Montreal Library  of  Canadian  Mining  Institute,  Room   4, 

Windsor  Hotel,  Montreal. 
M*Gill  University  (Principal,  Sir  J.  W.  Dawson, 
F.G.S.). 

Ottawa    Geological    and    Natural    History    Survey    of 

Canada  (C.  M.  Dawson,  C.M.G.,  Director, 
Museum,  f5ussex  Street,  Ottawa). 

8t.  John's,  N.B, . .  Natural  History  Society  of  New  Brunswick. 

Toronto Canadian  Institute. 

VI,— India. 
Calcutta Geological  Survey  of  India. 
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VIT. — XJwiTED  States. 
£oston    Free  Library. 

^^CaLu^\  ^!^!^.  }  '^^^  ^^^  Mitchell  Scientific  Society. 

'Columbus   Ohio,   Geological     Survey    of.      (The   State 

Geologist). 
Denver    Colorado  Scientific  Society,  Denver,  Colorado. 

Indiana Department  of  Geology  and  Natural  Eesources 

(W.  S.  Blatchley,  Esq.,  State  Geologist). 

Illinois   Illinois  Mining  Institute,  Springfield,  111. 

Field  Columbian  Museum,  Chicago. 

Michigan    ^lichigan  Mining  School,  Houghton. 

Newha/ven TrofesBor  0.  C.  Marsh,  F.G.S. 

Neto  York American  Institute  of  Mining  En^eers  (R.  W. 

Eaymond,  Box  223.  New  York  City). 

New  York American  Museum  of  Natural  History,  Central 

Park. 
Philadelphia  ....  Academy  of  Natural  Sciences. 
Franklin  Institute. 
Pennsylvania  Geological  Survey. 
American  Philosophical  Society,  104,  S.  Fifth 
Street. 

Scrantofiy  Fa Editor  of  Mines  and  Minerals. 

Washington    ....Department  of   the  Interior.      U.S.  Geological 
Survey. 
Smithsonian  Institution. 

JTiseonsin Wisconsin  Academy  of  Science,  Arts,  and  Letters, 

Madison. 
Wyoming    Historical  and  Geological  Society. 

VIII. — Foreign  Societies. 

Berlin     Deutsche  Geologische  Gesellschaft. 

Gcsellschaft  fur  Erdkunde.    Zimmerstrasse,  90, 
Berlin,  S.W.,  12. 
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Brusssl$ Society  Royale  Malacologique  de  Bdgique. 

BuenoM  Ayre» ....  Officiana  Nacional  de  Commercie. 

Cam Society  Geologique  du  Nord. 

Christiania Eoyal  University  of  Norway. 

Dresden Naturwissenschaftliche  Gesellsebaft  Isis. 

EalU,  A/S Vercin  fiir  Erdkunde. 

Die  Kaiserliche    Leopold.       Carol.       Deutsche 
Akademic  der  Naturforscher. 

i&2n»^/0r« ......  Geological  Commission  of  Finland.      Dr.  J.   J. 

Sederholm. 

Kazan,  Russia    . .  La  Societe  des  Naturalistes  de   rUniversite  de 
Kazan. 

KUff,  Russia  ....  La  Societe  des  Naturalistes. 

LoMonne  (iS«M«^). Society  Yaudoise  des  Sciences  Naturelles. 

Naples     Royal   Academy   of   Sciences,   Biblioth^que   de 

rUniversite  de  Naples. 

Pisa    Society  Toscana  di  Scienze  Naturali,  Museo  di*. 

Storia-Naturale. 

Rio  de  Janeiro   .  .Museo  Nacional. 

Rome Reale  Acudemia  dei  Lincei. 

8L  Petershurg    . .  Acad6mie  Imperiale  dea  Sciences. 

Institut  des  Mines.     Comity  Geologique. 
Tta-in Academic  Royale  des  Sciences. 

IX. — Scientific  Journals,  &c. 

Iron  and  Coal  Trades  Review,  342,  Strand,  W.C. 
Mining  Journal,  18,  Pinch  Lane,  London. 
Colliery  Guardian,  49,  Essex  Street,  Strand,  London. - 
Science  and  Art  of  Mining,  27,  Wallgate,  Wigan. 
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The  Names  of  Honorary  Members  are  printed  in  Italics. 
*  Members  who  have  compounded  for  the  Annual  Subscription. 


Year  of 
Blection. 


1874 
1884 
1884 
1897 

1898 

1879 
1898 
1878 
1877 

1895 

1878 


1897 
1893 
1895 

1875 
1891 
1897 
1881 


Nnmes  and  Addresses. 


Agassiz^  Alexander^  Cambridge,  Massachussetts,  U.S.A. 
Ainsworth,  John,  Colliery  Offices,  Walkden,  Bolton. 
Aldred,  James,  Bull  Hotel,  Kadcliffe. 
Allen,   Edward,    M.E.,    Willow    Bank,    Peel    Causeway, 

Bowdon,  Cheshire. 
Allen,    Robert,    46,    Norah    Street,    Lower    Broughton, 

Manchester. 
Arrandale,  John  Thomas,  82,  Brook  House  Street,  Wigan. 
Ashworth,  John,  C.E.,  8,  King  Street,  Manchester. 
Ashworth,  Thomas,  42,  Deansgate,  Manchester. 
Atherton,  James,  13,  Mawdsley  Street,  Bolton.     Member  of 

Council, 
Atherton,   H.    Stanley,    Land    and    Mine    Surveyor,    13, 

Mawdsley  Street,  Bolton. 
Atkinson,  W.  N.,  H.M.   Inspector  of  Mines,  Barlaston, 

Stoke-on-Trent.     Member  of  Council. 


Baker,  Godfrey,  Pendlebury,  Manchester. 

Bancroft,  Bobert  E.,  8,  St.  James's  Square,  Manchester. 

Barnes,  J.,  F.G.S.,  1,  Trafalgar  Street,  Lower  Broughton. 

Member  of  Council. 
Barrett,  W.  S.,  64,  The  Albany,  Old  Hall  Street,  Liverpool. 
Bellf  I7u>mas,  J. P.,  Valley  Road,  Scarborough. 
Bennett,  F.  P.,  M.I.E.E.,  1 3,  Victoria  Buildings,  Manchester. 
Black,  W.  G.,  F.R.C.S.    Ed.,    F.G.S.   Ed.,    2,   George's 

Square,  Edinburgh. 
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Year  of 
Klcctlon. 


1898 

1889 
1867 
1880 

1894 
1878 

1878 
1886 


Names  and  Addresses. 


1895  I 
1878  I 
1877  ! 
1877  ' 
1897 

1881 
1878 


1882 
1897 
1884 
1887 
1882 
1898 
1894 
1894 
1895 
1878 

1883 


Boden,  Peter,  Butterworth  Hall  Colliery,  Milnrow,  Rochdale. 
Bolton,  Edgar  0.,  Burnley  Collieries,  Burnley. 
Bolton,  H.  H.,  Newchurch  in  Rossendale,  near  Manchester. 
Bolton,  H.  H.,  jun.,  The  Collieries,  Accrington.      Member 

of  Council, 
Borrows,  William,  Engineer,  Pro'vidence  Foundry,  St.Helens. 
Bradford,  The  Right  Hon.   the  Earl  of,   Bradford  Estates 

Office,  Bolton  (G.  R.  Carter,  Esq.,  Agent). 
Bramall,  Ernest  E.,  Pendlehury  Collieries,  near  Manchester. 
Bramall,  Henry,  M  Inst.C.E.,  Shade  House,  Pendlehury, 

Manchester. 
Brierley,  Brandon  T.,  Bellayre,  Lymm,  Cheshire. 
Brocklehurst,  Thomas,  Rumworth  Colliery,  Dean,  Bolton. 
JBroeckf  Emeet  Van  den,  39,  Place  de  P Industrie,  Brussels. 
Brongniarty   Charles,  F.E.S.,  9,  Rue  Linne,  Paris. 
Brooks,  The  Hon.  William,  J.P.,  Crawshaw  Hall,  Rawten- 

stall,  Manchester. 
Bryham,  William,  Douglas  Bank  Colliery,  Wigan. 
Burrows,  John  S.,  F.G.S.,  Green  Hall,  Atherton,    near 

Manchester.     PasUPresident, 

Caldwell,  George,  Moss  Hall  Collieries,  Wigan. 

Caldwell,  J.  S.,  Westhoughton,  Bolton. 

Campbell,  H.  H.,  Surveyor,  Hardshaw  Street,  St.  Helens. 

Campbell,  W.  M.,  Sutton  Heath  Collieries,  St.  Helens. 

Clark,  George,  Mining  Engineer,  I^ewton-le- Willows. 

Clark,  Geo.  F.,  Bickershaw  Collieries,  Leigh,  Lancashire. 

Clarke,  Robert,  42,  Deansgatc,  Manchester. 

Cole,  Robert  H.,  Endon,  Stoke-on-Trent. 

Coope,  Samuel,  Land  and  Mine  Surveyor,  Fam worth,  Bolton. 

Cowbum,  Henry,  253,  Westleigh  Lane,    Westleigh,   near 

Manchester. 
Crankshaw,    Joseph,    Montcliffe,    Horwich.       Member  of 

Council. 
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Year  of     ' 
Blecttion. 


1879 

1862 

1869 

1877 
1898 
1856 

1889 
1898 

1898 
1878 
1895 
1897 

1884 
1895 
1897 

1880 
1891 
1891 
1896 

1896 
1889 


NamM  and  AddrcMM. 


Crawford   and  Balcarres,  The   Right  Hon.   the   Earl  of, 

Haigh  Hall,  Wigan.     Fast- President, 
Gross,  John,  77,  King  Street,  Manchester. 

Dawkins,  Professor  W.  Boyd,  M.A.,  F.R.S.,  F.G.S.,  F.S.A., 
The  Owens  College,  Manchester.     PasUPre%ident. 

Be  Ranee,  C.  JE'.,  F.G.S.,  91,  Palatine  Road,  Blackpool. 

Dickinson,  Archibald,  Bank  Hall  Colliery,  Burnley. 

Dickinson,  Joseph,  F.G.S.,  South  Bank,  Pendleton.  Poet- 
President, 

Dobbs,  Joseph,  Coolbawn,  Castlecomer,  Co.  Kilkenny. 

Douglas,  Ernest,  Pcmberton  Collieries,  Wigan. 

♦Eagle,  George,  77,  King  Street,  Manchester. 
Ellesmere,  The  Right  Hon.  the  Earl  of,  Worsley. 
Ellis,  Thomas  RatclifPe,  Solicitor,  King  Street,  Wigan. 
Ellis,  W.  F.  Wood,  M.Inst.M.E.,  M.S.A.,  5,  John  Dalton 

Street,  Manchester. 
Else,  George,  Altham  Colliery,  Whalley  Road,  Accrington. 
Evans,  Robert,  Mining  Engineer,  Royton,  Oldham. 
Evans,  Walter,  J.P.,  M.E.,  Royton,  Oldham. 

Fairclough,  William,  Leigh,  near  Manchester. 

Finch,  John,  Hamstead  Colliery,  Great  Barr,  Birmingham. 

Fletcher,  Arthur,  Outwood  Collieries,  Radcliffe. 

Fletcher,  Leonard  R.,  Atherton  Collieries,  Atherton,  Man- 
chester. 

Fletcher,  Norman,  The  HoUins,  Bolton. 

Foster,  John  W.,  6,  North  Street,  New  Silksworth, 
Sunderland. 


1873     Garforth,  W.  E.,  F.G.S.,  Hale»field,  Normanton. 
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Ycwof 
BicccloD. 


Names  and  Addresses. 


1893 

1884 

1874 

1892 

1882 
1898 
1892 
1882 
1863 

1874 
1879 

1892 
1890 

1G77 
1888 

1897 


Garaide,  Edward,  B.Sc,  Town  Hall  Chambers,   Aehton- 

under-Lyne. 
Garside,  Samson,  Denton  and  Haughton  Collieries,  Denton, 

Vice-PreiidenL 
Oeikie,  Sir  Archibald,  D.Sc,   LL.D.,  F.R.8.,  Geological 

Survey,  Jermyn  Street,  London,  S.W. 
Gerrard,  John,  H.M.  Inspector  of  Mines,  Worsley.       Vics- 

PresidenL 
Glover,  B.  B.,  41a,  Victoria  Buildings,  Manchester. 
Glover,  J.  W.,  M.E.,  41a,  Victoria  Buildings,  Manchester. 
Grant,  Frederick  John,  Bank  Field,  Burnley. 
Greenhalgh,  Robert,  Engineer,  Atherton,  near  Manchester, 
Greenwell,  G.   C,    F.G.S.,  M.I.C.E.,    Elm   Tree   Lodge, 

Duffield,  Derby.     Past-President, 
Greenwell,  G.  C,  jun.,  F.G.S.,  PoyntoD,  near  Stockport. 
Greenwood,  John,  c/o  The  Globe  Spinning  Company,   1, 

Marsden  Stieet,  Manchester. 
Gregson,  G.  Ernest,  1 1 ,  Chapel  Street,  Preston. 
Gresley,  W.  S.,  F.G.S.,  F.G.S.A.,  348,  West  8th  Street, 

Erie,  Pennsylvania,  U.S.A. 
Grundy,  H.  T.,  Colliery  Surveyor,  Radcliflfe. 
Grundy,  James, Inspector  of  Mines  in  India,  27,  Chowringhee 

Road,  Calcutta,  India. 
Guy,  J.  G.,  Hindley  Green  Colliery,  Abram,  Wigan. 


1881 

1897 

1887 

1877 
1897 


Hal],  Henry,  H.M.  Inspector  of  Mines,  Rainhill,  Prescot, 

P(ut-Pretident, 
Hall,  William,  B.Sc,   Science  Teacher,   44,  Arrowsmith 

Terrace,  Bolton. 
Hallas,    George   H.,    Mining    Engineer,    Huyton,   near 

Liverpool. 
Handsley,  Robert,  Burnley  Colliery  Offices,  Burnley. 
Harris,  George  E.,  M.E..  Assam  Railway  and  Trading  Co., 

Limited,  Margerita,  Assam,  India. 
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TRANSACTIONS 

OF  THS 

MANCHESTER    GEOLOGICAL    SOCIETY. 

Pam  n.  Vol.  XXVI.  Sesmoit  1898-99. 

The  Ordinary  Meeting  of  the  Members  was  held  on 
Tuesday,  November  8th,  1898,  at  the  Society's  Rooms, 
Queen's  Chambers,  5,  John  Dalton  Street,  Manchester. 

The  President,  Mr.  Clegg  Livesey,  J.P., 
in  the  Chair. 
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Mr.  J.  Barnes,  F.G.S.,  read  the  following  paper  on 
'*The  Superposition  of  Quartz  Crystals  on  Calcite  in  the 
Igneous  Rocks  occurring  in  the  Carboniferous  Limestone  of 
Derbyshire." 
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ON  THE  SUPERPOSITION  OF  QUARTZ  CRYSTALS 
ON  CALCITE  IN  THE  IGNEOUS  ROCKS 
OCCURRING  IN  THE  CARBONIFEROUS  LIME- 
STONE    OF    DERBYSHIRE. 

By  W.  F.  Holroyd,  F.G.S.,  and  J.  Barnes,  F.G.S.,  &c. 


It  is  well  known  that  there  occur  in  all  limestones,  fossils, 
which  are  more  or  less  silicified,  Le,^  where  the  calcimn 
carbonate  has  been  partially  or  whoUy  removed,  and  its 
place  taken  by  silica,  which  is  sometimes  crj^stalline,  some- 
times amorphous,  and  at  others  crypto-crystalline.  We  find 
this  kind  of  replacement  in  the  oldest  limestones  of  the 
Cambrian  System,  and  passing  through  every  calcareous 
formation  up  to  the  most  recent.  It  may  be  a  shell,  the 
hard  parts  of  a  coral,  or  stems  of  encrinites  and  parts  of 
other  animals  which  have  thus  been  replaced.  In  the 
Mountain  Limestone  we  find  many  examples  of  such 
replacements,  specimens  of  which  are  laid  before  you  on  the 
table.  Again,  in  the  chalk,  we  find  many  of  the  fossils 
preserved  in  masses  of  flint,  which  is  a  crypto-crystalline 
form  of  silica ;  while  at  other  times  the  silica  assumes  the 
form  of  quartz  crystals. 

This  common  interchange  of  silica  with  calcium  carbonate 
is  one  of  much  interest,  both  to  the  chemist  and  to  the 
geologist,  i.e.,  regarded  from  a  chemico-geological  point  of 
view ;  for  there  are  instances  when  silica  does  not  take  the 
place  of  carbonate  of  lime,  or  rather,  has  not  been  able  to 
take  the  place  of  carbonate  of  lime,  although  present  in 
solution  after  the  calcium  carbonate.  We  met  with  such  an 
example  during  the  past  summer,  while  making  an  examina- 
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tion  of  tlie  well  known  igneous  rocks  of  tlie  Carboniferous 
Limestone  of  Derbyshire. 

In  the  Miller's  Dale  district  the  "  toadstone "  crops 
out  frequently,  and  in  some  places  is  very  vesicular,  or 
smygdaloidal,  many  of  the  amygdules  being  of  a  consider- 
able size,  up  to  38  millimetres  in  length  by  16  in  width. 
One  of  these  specimens  lies  upon  the  table.  The  igneous 
rock  is  faulted  and  traversed  by  numerous  veins  running  west 
and  east,  the  veins  being  filled  with  calcite.  In  the  rock 
are  numerous  pockets  varying  from  10  to  15  centimetres 
in  length,  5  to  10  centimetres  in  width,  partially  filled,  and 
surrounded  with,  angular  fiagments  of  the  igneous  rock 
itself,  and  cemented  by  calcite.  Kesting  upon  the  latter  are 
numerous  well-formed  crystals  of  calcite,  the  free  ends  of 
the  scalenohedrons  projecting  from  all  sides  into  the  cavity. 
Superposed  upon  these  crystals  of  calcite  are  well-developed 
crj'stals  of  quartz,  locally  known  as  diamonds,  the  free  ends 
of  which  form  the  usual  six-sided  pyramids,  projecting 
into  the  centre  of  the  cavity,  almost  filling  it  up.  (Fig  3,) 
These  crj^stals  are  semi-transparent,  and  have  exceedingly 
bright  smooth  faces.  Where  the  crystals  touch  the  calcite, 
the  faces  are  much  duller;  and  are  crossed  by  numerous 
fine  lines.  Where  a  crystal  of  quartz  has  not  had  suffi- 
cient room  to  develop  fully,  because  of  the  closeness  of 
the  dog-tooth  crystals  of  calcite,  we  find  it  has  surrounded 
them;  and  now  the  quartz  crystals  frequently  show  nimierous 
cavities,  due  to  the  subsequent  removal  of  the  calcite  crystals. 
(Fig,  1,)  In  some  cases  the  quartz  crystals  are  almost  loose 
in  the  cavity  of  the  rock  owing  to  this  removal  by  acidulated 
water. 

The  question  naturally  arises,  why  does  silica  at  one  time 
replace  calcite  and  not  do  so  at  another?  From  the  occurrence 
of  the  quartz  upon  the  calcite  in  these  cavities,  we  see  an 
instance  in  which  silica  has  not  had  the  power  of  replacing 
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the  carbonate  of  lime.  We  know  this  because  the  quartz 
crystals  are  found  superposed  upon  the  calcite  qrystals, 
which  must  have  been  there  previously.  This  goes  to  show 
that  silicic  acid  is  a  weaker  acid  than  carbonic  acid,  inasmuch 
as  it  has  not  dissolved  the  calcium  carbonate.  This  is  also 
shown  by  the  opposite  action,  Le.,  that  of  carbonic  acid  in 
water  having  the  power  of  decomposing  such  rocks  as 
granite,  &c.  The  silicic  acid  has  only  the  power  of  taking 
the  place  of  carbonic  acid,  when  it  has  the  assistance  of  some 
other  solvent,  such  as  carbonic  acid  itself,  which  is  the  one 
that  dissolves  away  the  calcium  carbonate,  and  allows  the 
silica  which  is  in  solution  to  take  the  place  of  the  calcium 
carbonate.  In  the  case  of  the  toadstone  of  the  Miller's 
Dale  district  the  calcium  carbonate  appears  to  have  been 
deposited  first,  lining  the  cavity;  then  a  solution  of  silica 
free  from  carbonic  acid  or  other  solvent  has  occupied  the 
cavity,  and  deposited  the  quartz  crystals  upon  the  calcite 
without  dissolving  them.  {Figa.  2  and  3.)  Whether  the 
silica  has  come  from  below,  or  from  the  surrounding  coimtry 
rock  we  cannot  say. 

The  silica  has  not  in  every  case  assumed  the  form  of 
quartz  crj'stals,  for  we  also  find  it  on  the  same  horizon  and 
in  the  same  rock,  assuming  the  form  of  banded  agates, 
almost,  or  entirely,  filling  some  of  the  smaller  vesicles  in  the 
toadstone.  They  are  of  the  usual  amygdaloid  form,  and  of 
a  milky  white  and  semi-transparent  character,  varied  with 
lighter  bands  arranged  concentrically. 

The  toadstone  represents  the  upper  or  slaggy  part  of  a 
lava  stream.  The  little  cavities  have  been  opened  by  the 
segregation  and  expansion  of  the  steam  in  the  mass  of  lava. 
By  the  movement  of  the  rock  they  have  been  drawn  out 
and  flattened  into  amygdaloidal  vesicles,  which  have  been 
subsequently  filled  up  in  three  ways : — 


To  iftiustrmtr  ,*fiufs'!' /lt*irtH/tl.  A  ffctrru^g' pa^Hir 


FIG.  I. 
ClQuartz  Crystal  upon Cal cite  Crystals  C!  C.Calcite.TToadstnne. 


FIG. 2. 
Shewing  position  oP  the  Calcite  Crystals  C.in  the  Quartz  Q. 


Fl  G.  3.  , 

Section  oF  a  cavity  in  the  loadstone  T,(with  angular  fragments  of  the  igneous  rock  TV    , 
lined  with  CafcUe  Cupon  which  Quartz  Crystals  Q  have  been  subsequently  deposited,      j 
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I     By  calcite,  forming  amygdules. 

I     By  silica,  forming  chalcedonic  banded  masses. 

By  a  layer  of  calcite  crystals  in  form  of  scalenoliedrons, 
and  tHen  a  successive  deposit  of  quartz  crystals  upon  these. 

These  three  kinds  of  infilling  of  vesicular  cavities  are 
shown  upon  the  table ;  the  first  is  common  everywhere  in 
the  toadstone,  the  second  and  third  are  new  to  us  as  occurring 
in  the  Derbyshire  igneous  rocks^  and  hence  our  reason  for 
recording  them. 


On  the  motion  of  Mr.  Saint,  the  thanks  of  the  members 
were  accorded  to  the  authors  of  the  paper. 


The  discussion    on    Mr.   Joseph   Dickinson's   paper    on 
'  Subsidence  caused  by  Colliery  Workings,"  was  resimied. 


50  [Nov.,  1898, 

SUBSIDENCE  CAUSED  BY  COLLIERY  WORKINGS. 

Resumed  Discusvsion  on  Mr.  Joseph  Dickinson's  Paper, 
Read  Jane  14th,  1898. 


Mr.  Dickinson,  in  opening  the  discussion,  said : 
Members  will  have  seen  by  the  circular  announcing  this 
meeting,  that  in  the  diagram  accompanjHlng  the  paper,  the 
artist  has  erroneously  put  figure  3  instead  of  5  for  the 
vertical  depth  to  1  horizontal,  as  the  average  slope  in  hard 
strata.  The  slopes  for  each  kind  of  strata  are  correctly- 
shown  by  the  sketches,  and  the  figures  correctly  given  in 
the  text  of  the  paper  ;  therefore,  careful  observers  are  not 
likely  to  have  been  misled  by  the  error. 

In  the  short  discussion  which  took  place  immediately 
after  the  reading  of  the  paper,  June  14th,  general  agree- 
ment was  expressed  with  the  contents,  and  it  was  mentioned 
that  among  so  many  technical  points  all  might  not  have 
been  caught.  One  point  which  Mr.  Edward  Garside  did 
not  catch,  was,  the  proportion  of  subsidence  to  be  expected 
from  the  working  of  a  given  thickness  of  coal.  The  paper 
sets  forth  that  subsidence  of  surface  may  be  expected  from 
the  working  of  coal  at  all  depths;  and  that  it  possibly 
decreases  with  increased  depth  of  working.  It  also  puts  the 
subsidence  from  the  working  of  a  4-foot  seam,  200  yards 
deep,  at  about  3  feet ;  and  gives  a  statement  by  Mr.  William 
Peace,  that,  near  Wigan,  at  150  yards,  a  canal  subsided  3^ 
feet  from  the  working  of  a  seam  about  4^  feet  thick ;  it  also 
gives  a  statement  by  Mr.  Alfred  Hewlett,  that,  near  Wigan, 
at  180  yards,  from  the  working  of  a  seam  7  or  8  feet  thick^ 
the  subsidence  was  about  6  feet.     To  these  Mr.  Garside  has. 
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now  added  a  subsidence  at  the  Dunkirk  Collieries,  in 
Cheshire,  where  in  1878,  at  445  yards,  the  taking  out  of  two 
8eams,  respectively  6  feet  and  5  feet  in  thickness,  lying 
50  yards  apart,  he  found  from  bench  marks,  which  he  had 
put,  that  from  the  total  of  11  feet  worked  out,  the  surface 
in  five  years  went  down  6*8  feet ;  and  in  the  following  five 
years  8'92  feet  were  gone.  This  ratio  it  may  be  said  does 
not  difier  much  from  the  average  of  about  three-fourths 
sstated  in  the  paper.  The  continuance  of  the  subsidence, 
however,  after  the  first  five  years,  scarcely  harmonises  with 
the  statements  quoted  from  Mr.  John  Knowles  and  Mr. 
William  Alexander,  that,  with  all  worked  out,  the  surface 
soon  settles,  and  in  about  two  years  becomes  safe  for  building 
upon.  It  would  therefore  be  satisfactory  to  know  whether 
the  long  continued  subsidence  at  Dunkirk  was  after  pillar 
and  stall  work,  with  some  stumps  of  coal  left,  or  could  be  due 
to  other  workings  than  those  mentioned.  Mention  was  made 
by  Mr.  Woodward  of  the  discomfort  occasioned  to  surface 
occupiers  by  having  their  houses  pulled  about,  winds  let  in, 
water  and  gas  mains  broken,  sewers  and  railways  let  down ; 
and  by  Mr.  H.  H.  Bolton,  Junr.,  that  even  in  the  lower 
series  of  north  Lancashire,  annoyance  was  caused  to  the 
coUiery  owners  by  claims  for  compensation,  when  workings 
were,  aUegorically,  "a  mile  away." 

Since  the  paper  was  read  and  issued,  communications  sent 
to  the  writer,  include  the  following : — 

Mr.  Thomas  Bell,  one  of  H.M.  Inspectors  of  Mines, 
retired,  and  an  honorary  member  of  this  Society,  has  this 
morning  favoured  me  with  32  foolscap  pages  of  manuscript, 
wliich  I  have  not  yet  had  time  to  peruse.  I  see  they  contain 
valuable  information  relating  to  workings  imder  wat^er,  and 
that  they  will  form  one,  if  not  two,  fine  papers,  with  which  I 
iope  he  will  favour  this  Society. 
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Mr.  John  H.  Cooke,  Solicitor,  Winsford,  who  has  had 
very  extenaiTe  legal  and  practical  experience  in  the  Cheshire 
salt  districts,  says  he  will  associate  what  is  said  in  the  paper 
with  my  experience  there.  The  landslips  from  rock  salt 
mining,  and  the  after  inundation,  solution,  and  pumping  of 
the  brine,  however,  differ  somewhat  from  the  ordinary 
subsidence  caused  by  coal  workings.  Those  caused  by  the 
pumping  of  brine,  also  from  the  runs  known  as  "  rock  head 
brine,"  produce  curious  effects,  resulting  in  immense  holes 
and  submergence.  Some  of  these  nms,  without  any 
exaggeration,  extend  fully  two  miles  from  where  the  brine 
is  pumped. 

Mr.  Alexander  Smith,  M.Inst.C.£.,  Secretary  to  the 
South  Staffordshire  Institute  of  Mining  Engineers,  says 
he  has  read  most  of  the  literature  on  this  important 
mining  question,  and  that,  although  no  rule  can  apply 
to  every  circumstance,  yet  the  paper  to  his  mind  gives 
a  good  foundation  and  safe  guide  for  nearly  all  practical 
purposes. 

Mr.  Robert  Thomas  Moore,  B.Sc.,  156,  St.  Vincent 
Street,  Glasgow,  says : — ^He  has  read  the  paper  with  care, 
and  has  to  thank  the  writer  for  sending  it  to  him.  The 
subject  is  one  in  which  he  is  much  interested.  In  advising 
as  to  the  protection  of  buildings,  he  has  generally  found  that 
with  the  usual  strata  of  Lanarkshire,  where  there  is  a  good 
surface,  a  horizontal  diiitance  of  one-third  of  the  vertical 
depth  is  sufficient  to  protect  the  surface ;  but  where  there  is 
any  great  thickness  of  surface  drift,  it  is  better  to  divide  the 
allowance,  and  allow  one-fourth  of  the  depth  for  the  strata, 
and  take  the  slope  through  the  surface  drift  at  what  it  would 
stand  on  a  railway  embankment  (Fig,  1).  This  latter 
allowance  varies,  from  1  vertical  in  1}  horizontal,  to  1 
vertical  in  5  horizontal,  or  even  more,  for  soft  muddy  day. 
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In  addition  to  subsidence  of  the  surface,  however,  which 
extends  to  some  distance  over  the  solid  coal,  he  points  out  that 
there  appears  to  be  a  lateral  stretching  of  the  surface,  he 
having  seen  buildings  cracked,  where  careful  levelling  coidd 
shew  no  difference  before  and  after  the  seam  of  coal  had  been 
worked.  He  has  tried  to  measure  this  by  putting  in  pegs 
on  the  surface  A.  B.  C.  D.  E.,  {Fig.  2),  and  measuring 
the  distances  between  them  carefully  where  the  face  was 
approaching  them,  but  has  never  got  any  satisfactory 
results. 


■O-J^-P-^- 
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Fig.  I. 


Fig.  2. 


With  regard  to  vertical  subsidence,  he  has  found,  that  with 
their  strata,  at  depths  of  from  40  to  160  fathoms  the  subsidence 
on  the  surface  is  nearly  three-fourths  of  the  thickness  worked. 
They  have  many  opportunities  of  testing  this.  The 
Ordnance  sheets  were  published  in  1856 — ^before  any  of  the 
coal  in  the  Hamilton  district  was  worked — ^and  a  revised 
edition  has  just  been  published,  so  that  the  subsidence  may 
be  tested  at  each  bench  mark.  He  has  some  levelling  going 
on  just  now  at  Niddrie  Collieries,  Portobello,  where  they  are 
working  a  mine  at  a  depth  of  440  fathoms  from  the  surface, 
and  it  will  be  interesting  to  see  the  total  subsidence  at  this 

2a 
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depth.  He  also  mentions  the  great  value  when  persons  who 
have  had  experience  will  take  the  trouble  to  give  people  the 
advantage  of  it. 

With  reference  to  these  figures  given  by  Mr.  R.  T.  Moore 
for  the  Lanarkshire  coalfield,  at  a  horizontal  of  one- third  of 
the  depth,  or,  with  an  exceptional  drift,  at  one-fourth  of  the 
depth  for  the  strata,  and  a  horizontal  of  1^  to  6,  or  even 
more,  to  one  in  depth  for  the  drift,  they  appear  adequate  for 
most,  if  not  all,  ordinary  circimistances,  including  margins. 
His  slopes  for  the  drift  are  those  of  railway  embankments. 
These,  however,  are  devoid  of  the  side  support  which  is 
afforded  in  underground  subsidence,  and  may,  therefore,  be 
often  excessive  for  mining  purposes.  If  they  err,  however, 
in  being  too  flat,  it  is  on  the  safe  side  for  securing  the 
building.  The  natural  stretching  of  the  ground  by 
subsidence,  which  he  has  tried  but  failed  to  measure 
satisfactorily,  is  instructive.  Yet,  although  it  be  scarcely 
measurable,  there  is  stretching,  and  sometimes  contracting, 
each  being  at  times  apparent  in  the  tearing  asunder  of 
brickwork,  masonry,  and  iron  piping,  and  in  the  crushing 
of  such  like,  and  the  lifting  or  turning  aside  of  flags  and 
coping  stones. 

Mr.  Richard  Sutcliffe,  Mining  Engineer,  Horbury, 
Wakefield,  has  communicated  the  following  to  the  Honorary 
Secretaries: — Being  the  person  who  started  the  longwall 
workings  first  under  the  3-feet  coal  in  the  Jarrow  seam 
Co.  Balkenny,  I  might  say  that  it  was  commenced  beneath 
an  outlying  or  detached  portion  of  the  inundated  upper 
seam,  and,  with  the  exception  of  drops  of  water  from  the 
roof  (which  occurred  on  the  first  subsidence  of  the  strata, 
and  continued  throughout),  no  water  came  down.  The 
total  quantity  which  came  would  not  be  more  than  40  or  50 
gallons  per  minute.       At    first   the  miners    were    much 
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frightened,  and  insisted  that  the  water  was  coming  from 
the  upper  seam.  I  knew  that  even  if  it  did  come  from  the 
top  coal,  it  could  not  come  in  sufficient  quantity  to  cause 
injury,  and  so  assured  them.  Since  then  the  workings  were 
extended  under  the  main  body  of  water  contained  in  the 
old  workings  of  the  upper  coal:  The  depth  from  surface  is 
about  90  yards  to  Jarrow  coal.  There  are  from  10  to  12 
yards  of  very  compact  rock,  nearly  midway  between  the  two 
seams,  containing  several  feet  of  flagstones.  Although  the 
water  did  not  get  down  I  have  seen  cracks  on  the  surface, 
and  even  breaches  where  the  surface  fell  into  the  old 
workings  in  the  shallow  coal,  through  the  subsidence  where 
the  coal  was  taken  out  on  the  pillar  and  stall  system  in  the 
Jarrow  seam  underneath. 

It  might  be  mentioned  that  the  Jarrow  seam  runs  in  a 
channel  300  to  500  yards  wide,  and  is  only  worked  to  this 
extent,  beyond  which  it  becomes  thin,  while  the  upper  or 
T^-feet  coal  extended  in  all  directions  until  it  cropped  out  all 
around. 

Mr.  Dickinson  added :  I  see  by  this  that  Mr.  SutclifEe 
was  the  first  to  introduced  longwall  workings  into  the 
lower  seams  of  the  County  Kilkenny.  He  managed  Mr. 
Robeon's  collieries  at  Clogh;  they  were  at  first  worked 
pillar  and  stall,  and  afterwards  changed  to  longwall.  Now 
that  the  paper  had  been  issued  nearly  a  month,  further 
criticism  may  be  hoped  for  from  members,  with  additional 
information,  which  will  bring  the  subject  up  to  date. 

The  Chairman  invited  discussion. 

Mr.  J.  S.  Burrows,  of  the  Atherton  Collieries,  said :  I 
think  some  of  the  variations  in  the  practice  of  leaving 
t-ertain  arbitrary  quantities  of  coal  for  the  support  of  build- 
ings arise  from  the  fear  of  doing  any  damage  whatever  to 
the  buildings  intended  to  be  preserved,  and  so  ample  margins 
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are  left  to  cover  all  contingencies.  Here  the  personal  equa- 
tion comes  in ;  one  man  is  more  or  less  cautious  than  another 
and  leaves  a  little  more  or  less  Qoal  than  his  neighbour. 
Pillars  left  in  coal  mining  are  always  a  trouble,  taking  ofE 
the  weight  from  the  other  places  for  some  time,  and  causing 
other  annoyances,  even  if  left  in  the  right  place,  which  has 
not  always  been  done.  Pillars  left  in  shallow  mines  for 
support  of  surface  and  buildings  are  for  a  long  time  liable 
to  be  upset  again  by  the  workings  of  the  lower  mines,  and 
you  never  know  how  far  movement  may  extend  beyond  the 
area  immediately  above  such  deeper  workings.  If  it  were 
possible  always,  there  is  no  doubt  sweeping  out  the  whole 
mine  in  widework,  if  well  packed,  does  the  least  damage. 
In  a  case  in  point,  a  mine  nearly  six  feet  thick,  including 
holing  dirt,  was  taken  out  in  widework  at  a  depth  of  from 
190  to  260  yards.  Two  years  afterwards  another  mine,  five 
feet  in  gross  thickness,  130  yards  deeper,  was  taken  out  in  a 
similar  manner  under  numerous  buildings,  and  caused  no 
apparent  damage.  Bolting  buildings  enables  thick  seams  to 
be  taken  out  under  buildings  so  protected,  and  with  neat 
angle  irons  at  the  comers,  and  the  bolts  round  the  building 
neatly  painted,  such  bolting  is  not  unsightly.  Having  left 
coal  for  the  support  of  buildings,  one  is  not  always  able  to 
trace  the  line  of  **  draw  "  or  "  pull,"  so  as  to  judge  how 
much  coal  in  excess  has  been  left.  In  one  case,  I  found  in 
one  mine  four  feet  thick,  190  yards  deep,  dip  of  mine  1  in  5, 
the  "  break  off "  was  clearly  marked  on  the  surface  by  a 
crack  one  or  two  inches  wide.  This  was  45  yards  south,  or 
to  the  dip  of  the  coal  left  for  the  support  of  the  houses  on 
the  rise  side.  In  another  case,  in  the  same  mine,  the  line 
of  "  break  o£E "  was  not  at  all  clear,  but  an  outhouse  drew 
away  from  the  larger  building,  which  was  undamaged. 
Here  the  depth  was  165  yards,  and  the  "  draw  "  33  yards 
south  of  the  coal  left  for  support. 
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In  the  same  mine,  at  about  the  same  depth,  coal  was 
worked  on  the  south  or  dip  side,  up  to  within  20  yards  of  a 
large  house,  and  to  40  yards  on  the  north  or  rise  side,  without 
doing  any  appreciable  damage ;  and  again,  30  yards  on  the 
deep,  and  40  yards  on  the  rise,  protected  a  similar  large 
house.  In  the  same  mine  at  100  yards  in  depth,  coal  was 
worked  on  the  north  or  rise  side,  to  within  23  yards  of  an  old 
building,  doing  no  damage.  A  little  further  away  in  the 
same  mine  22  yards  of  coal  left  on  the  rise  amply  protected 
some  cottages.  In  the  same  mine,  at  45  yards  deep,  23  yards 
of  coal  on  the  rise,  with  coal  left  east  and  west,  and  no  coal 
worked  on  the  south,  prevented  damage  to  a  farmhouse 
which  stood  exactly  over  a  10  feet  fault.  The  strata  forming 
the  roof  of  this  mine  are  on  the  whole  soft  and  the  surface 
level,  and  in  all  these  cases  the  buildings  were  the  property 
of  the  Lessor.  We  found  the  working  of  this  mine 
160  yards  deep  lowered  the  surface  at  about  frds.  of 
its  thickness,  and  it  was  worked  pillar  and  stall. 

As  a  f oimdation  for  marking  out  coal  to  be  left  in  mines 
dipping  say  1  in  o,  I  let  fall  a  line  from  the  north  or  rise 
edge  of  the  property  to  be  protected,  at  right  angles  to  the  seam, 
then  add  to  this  a  margin  for  safety ;  from  the  south  or  dip 
side  a  line  is  dropped  at  right  angles  to  the  surface,  and  again 
a  margin  added.  These  margins  and  the  amount  of  coal  left 
on  the  east  and  west  sides  depend  on  the  nature  and  value  of 
the  property  to  be  guarded. 

Mr.  Unsworth  said:  I  only  had  the  opportimity  of 
reading  Mr.  Dickinson's  paper  as  I  came  here  in  the  train 
to-day,  but  I  think  that,  having  had  a  little  experience  of 
this  matter,  I  may  venture  to  give  you  some  of  the  examples 
which  have  come  under  my  notice,  and  which  bear  very 
distinctly  upon  this  subject.  It  cannot  be  expected  that  I, 
after  hearing  what  Mr.  Dickinson  has  said,  and  after  seeing  the 
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authorities  he  quotes — gentlemen  who  spoke  when  his  paper 
was  read  before  the  Society,  many  of  them  giants  in  the 
mining  world — can  have  anything  to  add  that  will  be  very 
material  or  very  important  on  this  question.  At  the  same 
time,  there  are  one  or  two  points  that  have  come  under  my 
notice  which  are  more  or  less  corroborative  of  what  Mr. 
Dickinson  has  said,  and  they  also  bear  out  what  Mr. 
Burrows  has  said.  Now,  with  regard  to  one  of  the  last 
remarks  Mr.  Dickinson  made  use  of  to-day,  wherein  he 
spoke  about  mine  subsidences  having  two  effects,  one  of 
which  was  to  sever  or  draw  apart  portions  of  a  building,  or 
an  expanding  effect;*  and  the  other  a  contracting  or  pushing 
together  of  the  same  building,  or  of  other  buildings  in  the 
immediate  locaKty.  I  have  had  under  my  notice  within 
the  last  few  years  an  example  of  this  kind,  and  this 
was  the  case  of  a  church.  The  church  stands  east  and  west, 
and,  by  the  getting  of  coal  from  underneath,  it  was  broken 
off  in  a  straight  line  north  to  south — completely  broken 
off — one  portion  was  severed  and  drawn  away  from  the 
other.  In  connection  with  the  same  building,  in  a  Kne 
running  east  and  west,  the  operation  of  crushing  together 
was  distinctly  nianifested;  a  gateway  which  led  from  the 
churchyard  into  the  road  was  contracted  so  that  the  two 
parts  of  the  gate  were  brought  nearer  and  overlapped  in 
the  middle,  clearly  showing  in  that  case  there  had  been  a 
compressing  effect.  I  have  noticed  it  for  a  considerable 
time,  but  could  never  on  any  reasonable  ground  explain  the 
divergent  operations  in  the  same  building. 

Now  with  regard  to  the  depth  at  which  mines  are  worked, 
and  the  quantity  of  coal  that  is  necessary  to  be  left  for  support 
of  buildings,  Mr.  Burrows  has  pointed  out,  as  also  has  Mr. 
Dickinson,  that  to  a  very  great  extent  that  must  be  left  to 
circumstances.  The  circumstances  of  the  particular  place 
you  have  to  deal  with,  and  the  nature  of  the  strata  you  pass 
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through,  all  have  to  be  taken  into  account ;  and  further,  the 
cautiousness  or  otherwise  of  the  man  who  has  to  deal  with 
the  case,  may  have  a  very  material  effect  whether  he  leaves 
much  or  little  coal.  An  incautious  man  will  shave  it  as 
finely  as  he  can,  whilst  another  who  is  careful,  will  leave 
more,  especially  if  the  mine  pays  badly,  and  he  does  not 
care  for  getting  the  coal,  but  wants  to  be  sure  he  is  not  doing 
mischief.  In  my  experience  of  working  a  mine  which  is 
about  5ft.  thick  (3ft.  6in.  being  coal,  the  rest  dirt  which 
comes  in  for  packing  purposes),  175  yards  from  the  surface, 
I  find  that  at  that  depth  a  block  of  coal  200  yards  in  diameter 
is  not  enough  to  secure  the  surface  from  absolute  breakage. 
In  the  same  mine  I  had  a  good  opportunity  of  observing  the 
amount  of  subsidence  which  took  place.  There  is  a  reservoir 
which  stands  partly  on  solid,  and  partly  over  a  worked  area ; 
the  reservoir  subsided,  over  that  portion  where  the  coal  was 
gotten,  from  2^  to  3ft.,  and  this  was  proved  by  the  increased 
height  which  it  was  necessary  to  make  the  bank,  in  order  to 
prevent  water  in  the  reservoir  from  overflowing.  This 
happened  a  good  many  years  ago,  and  since  the  date  of  final 
settlement  I  have  not  noticed  any  further  subsidence.  The 
extent  of  the  subsidence  was  distinctly  marked,  as  that 
portion  of  the  reservoir  over  solid  coal  did  not  subside  at  all. 
The  coal  referred  to  is  a  soft  coal,  and  the  overlying  strata, 
with  the  exception  of  one  bed  of  rock  about  30  feet  thick,  is 
also  of  a  friable  character.  Probably  this  fact  explains  why 
it  is  necessary  to  leave  such  a  large  area  of  mine  to  support 
the  surface  at  a  given  point.  From  examples  shewn  by  Mr. 
Dickinson  in  the  diagrams  given  by  him,  and  which  I  have 
no  doubt  will  be  accepted  as  authorities  in  future  on  all 
questions  of  this  kind,  he  evidently  considers  that  the  strata 
passed  through  have  a  material  effect  in  determining  the 
area  of  coal  to  be  left  to  support  the  surface  at  given  depths. 
Large  tracts  of  country  are  frequently  affected  by  mining 
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subBidences,  and  this  I  have  seen  demonstrated  by  levels, 
taken  for  a  railway  in  the  district  of  Wigan  some  35  years 
ago,  which  levels  shewed,  that  at  a  certain  point  in  that 
railway,  where  it  crosses  a  canal,  a  subsidence  of  over  5  feet 
had  taken  place  between  the  date  of  the  ordnance  survey  in 
1846,  and  the  date  of  the  new  survey  for  the  railway. 

One  point  has  been  referred  to  with  regard  to  water- 
bearing strata  overlying  coal  workings ;  and  where  buildings 
have  been  erected  on  such  strata,  I  have  seen  damage  done 
by  subsidence  which  happened  before  any  coal  was  gotten, 
the  water  having  been  drained  off  by  a  main  sewer.  Any 
mining  expert  would  have  said  it  was  a  mining  fracture  if 
the  whole  circumstances  had  not  been  known  to  him. 

These  are  a  few  of  the  points  which  Mr.  Dickinson  has  put 
before  us,  and  we,  who  have  to  deal  practically  with  such 
matters,  may,  I  think,  derive  very  great  advantage  from 
studying  closely  Mr.  Dickinson's  paper,  and  using  the 
information  which  he  has  given  us. 

I  had  a  case  not  very  long  ago  (a  mining  claim  for 
damages),  in  which  it  was  alleged  the  damage  was 
done  by  me.  The  building  damaged  stood  on  a  block  of 
solid  coal,  extending  30  yards  all  round  it,  and  the  depth 
from  the  surface  would  be  about  275  yards,  the  mine  being 
from  2  ft.  3  in.,  to  2  ft.  4  in.  in  thickness.  South  of  the 
solid  coal  there  is  a  fault  (upthrow  to  the  south),  about  21 
feet,  and  further  south  an  area  of  coal  had  been  worked  for 
about  130  yards  above  the  fault.  The  whole  of  the 
workings  near  the  building  in  question  were  done  many 
years  ago  (and  not  by  me),  and  while  the  workings  were  in 
progress,  and  for  many  years  after,  the  building  stood 
perfect.  Some  years  ago,  I  began  to  work  out  the  remainder 
of  the  coal,  but  did  not  work  nearer  than  130  yards  (the 
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ooal  being  already  gotten  to  that  distance,  and  the  whole 
block  of  solid  coal  under  the  building  remained  intact). 
When  a  subsidence  occurred,  causing  a  distinct  fracture  of 
the  building,  it  was  alleged  that  my  working  was  the  cause. 
I  am  satisfied  in  my  own  mind  that  anything  I  have  done 
could  not  by  any  possibility  have  moved  that  building,  but 
s^in,  an  expert  would,  on  an  examination,  have  said  that 
the  damage  was  due  to  mining.  The  probable  cause  of  the 
damage  was,  I  consider,  the  draining  of  the  strata  near  the 
Bur&ce  by  the  local  authority  having  constructed  a  deep 
aewer,  which  had,  no  doubt,  drawn  off  water  from  a  sand, 
which  runs  erratically  through  the  district,  and  if  this  sand 
extends  under  the  building,  it  may  possibly  have  been 
drained,  and  so  caused  the  subsidence  and  resulting  dam- 
age. 

Mr.  Macalpine  said :  I  do  not  know  of  any  paper  which 
I  have  heard  which  has  interested  me  so  much  as  that  of 
Mr.  Dickinson,  and  some  of  the  points  which  interested  me 
most  were  those  with  which  I  had  myself  no  practical 
acquaintance.  I  was  astonished  to  find  the  shallow  depths 
at  which,  under  certain  circumstances,  mines  may  be  safely 
worked  under  water.  As  far  as  my  own  experience  goes  I 
have  had  the  misfortune  to  work  a  thin  seam  at  considerable 
depth,  but  whilst  that  entails  a  great  many  costs  in  other 
ways,  we  have  not  very  much  to  complain  of  in  the  matter 
of  subsidence.  The  only  words  I  can  contribute  to  the 
discussion  are  these.  It  has  been  our  practice  in  working 
under  farmhouses,  (which  are  the  only  kind  of  buildings 
we  have  had  to  deal  with  up  to  now),  to  sweep  put  the 
coal  as  we  came  across  it ;  and  this  we  have  done  both  by 
pillar  and  stall  and  by  wide  work;  but  at  a  depth  varying 
from  150  to  300  yards,  we  have  not  noticed  any  damage  what- 
ever by  either  method.    There  was  one  case,  perhaps  of  some 

2b 
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little   interest,   which   occurred  two  years  ago.     We  had 
to  work  under  a  f armhouse,  which  we  knew  was  very  close 
upon  a  fault,  and  we  were  afraid  the  strata  might  break  over 
that  fault,  and  that  we  might  have  difficulty  there,  although 
we  had  not  had  any  difficulty  in  the  ordinary  working.     I 
therefore  sent  an  architect  over,  and  had  the  farmhouse  care- 
fully surveyed.      We  found  the  fault  20  yards  beyond  the 
farmhouse ;  we  worked  out  underneath  the  house ;  but  after 
two  years  the  structure  seems  to  be  perfectly  safe.   The  other 
point  of  interest — though  of  very  secondary  interest — ^is  this. 
We  have  worked  out  under  a  winding  of  the  Leeds  and 
Liverpool  canal.      In  some  places,  as  this  canal  winds,  the 
coal  is  there  now ;  at  other  places  it  has  been  worked  out,  at 
a  depth  of  285  yards ;  and  we  have  noticed  no  subsidence 
even  on  the  banks.     That  would  indicate,  that,  with  a  mine 
of  about  2ft.  2in.  to  2ft.  6in.,  having  comparatively  strong 
bands  of  strata  over  it,  the   subsidence  is   comparatively 
slight.     I  have  no  doubt  when  we  have  worked  over  the 
whole  area,  that  there  will  be  subsidence,  but  it  seems  to 
carry  for  100  to  150  yards  without  any  noticeable  effect,  as 
far  as  we  can  see.      I  may  say  that  we  have  on  that  estate 
an  opportimity  of  noticing  this  matter,  of  which  we  shall 
avail  ourselves.     There  is  a  very  tall  chimney  belonging  to 
certain  works  now  disused.     We  shall  take  out  the  whole  of 
the  coal  under  that  area ;  I  shall  take  observations  of  the 
top  of  the  chimney  as  the  work  progresses,  and  if  I  find 
anything  of  interest  to  the  members  of  this  Society,  I  shall 
communicate  it. 


Mr.  James  Atherton  said:  I  have  had  considerable 
experience  with  regard  to  this  matter,  but  I  am  disposed  to 
agree  with  Mr.  Burrows  that  a  great  deal  depends  on 
circumstances.  I  do  not  suppose  we  can  fix  any  definite 
rule  that  will  apply  to  many  cases  of  the  same  nature.      Mv 
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own  inipression  is  that  if  you  can  sweep  out  the  whole  of 
the  coal,  and  do  it  quickly,  you  are  likely  to  do  less  injury 
than  by  leaving  coal  for  support.  In  my  own  experience, 
at  one  time  there  were  four  buildings,  or  sets  of  buildings, 
requiring  to  be  supported.  In  three  cases  they  were  farm 
houses  and  farm  buildings,  in  the  fourth  it  was  a  large 
mansion.  Two  of  them  were  on  one  estate,  and  two  on 
another.  In  each  case  surveyors  representing  the  owners 
marked  out  an  area  of  coal  to  be  left  for  support,  but 
afterwards  the  owner  of  one  of  the  buildings  began  to  relent. 
He  thought  that  perhaps  I  was  right,  and  if  I  got  the  whole 
of  the  coal  it  would  perhaps  be  better ;  but  before  he  would 
agree  to  this  he  had  the  royalty,  in  the  pillars  which  it  had 
been  proposed  to  leave,  valued.  The  valuation  came  to  about 
£700,  so  he  came  to  an  agreement  that  we  were  to  get  out 
the  coal  in  these  two  pillars  and  pay  no  royalty,  but  at  the 
end  we  were  to  rebuild  the  premises  at  an  expenditure  of 
£700.  In  the  other  case  the  surveyor  required  the  pillars 
to  be  left.  When  we  had  worked  out  both  mines,  in  the 
case  where  we  had  the  £700  to  pay,  the  landlord  came 
to  us  and  asked  us  not  to  rebuild  the  place,  because  it 
was  none  the  worse,  but  to  hand  him  over  the  money,  which 
we  did.  In  the  other  case,  where  the  piUars  were  left,  the 
buildings  are  very  much  damaged.  I  attribute  it,  in  one 
case,  to  the  fact  that  we  were  working  on  one  side,  and  we 
had  to  break  oS  at  a  certain  point,  and  this  would  pull  the 
surface  that  way.  When  we  came  to  the  other  side  there 
wsB  another  break  off.  The  pillars  of  coal  were  left,  and 
the  buildings  were  damaged : — now  we  are  asked  to  drive 
through  the  old  workings  to  clear  out  the  pillars 
imder  the   two   places. 

I  know  another  case  where  the  coal  has  been  got  out 
without  leaving  anything  at  all,  and  under  a  large  area 
covered  with  buildings ;   but  in  that  case  there  is  a  great 
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thickness  of  clay  near  the  surface.  I  am  not  aware,  in  that 
case,  that  a  single  claim  has  heen  made  for  damage  to 
buildings.  The  ground  has  subsided  undoubtedly,  probably 
50  per  cent,  of  the  original  thickness  of  the  mine ;  but  the 
clay  has  evidently  formed  a  sort  of  cushion  and  prevented 
any  fractures  in  the  buildings.  A  great  deal  depends  on  the 
top  ten  yards.  K  you  have  ten  yards  of  good  clay  I  should 
say  in  my  own  experience  clear  out  the  coal  and  you  need 
have  no  fear.  On  the  other  hand,  if  you  have  gravel,  or 
^nd  and  water,  it  is  necessary  to  be  very  careful  ;what  you 
do,  because  it  may  do  a  good  deal  of  damage,  even  a  long 
way  from  where  you  are  working. 

Mr.  Henry  Hall  said:  Mr.  Dickinson  has  dealt  with 
the  subject  in  a  way  which  will  be  of  great  value  to  gentlemen 
who  are  fortunate  enough  to  be  called  in,  in  cases  of 
dispute;  they  will  be  able  to  refer  to  Mr.  Dickinson^s 
paper  and  see  what  they  ought  to  do.  Probably  Mr. 
Dickinson,  himself,  will  be  called  upon  to  stand  by  the 
principles  he  has  set  forth  in  his  paper.  There  are  two 
matters  I  should  like  Mr.  Dickinsoiii  to  tell  us  something 
about ;  one  is  whether  or  no  the  same  principles  he  has  laid 
down  with  reference  to  the  subsidence  of  the  surface  would 
apply  to  the  "  pulling  "  of  the  shaft,  or  to  the  "  pulling  "  of 
a  mine  road  ;  the  former  particularly,  because  I  have  often 
found,  that  managers  somehow  manage  to  pull  their  own 
house  about  their  ears.  K  the  principles  Mr.  Dickinson 
has  laid  down  apply  to  shafts,  in  the  same  way  as  to  the 
surface,  I  think  it  would  be  very  useful  for  many  colliery 
managers  to  study  those  principles  which  have  been  laid 
down.  There  is  one  other  matter  I  wish  Mr.  Dickinson 
would  refer  to  in  his  reply.  It  struck  me,  in  reading  his 
paper,  looking  at  it  generally,  that  when  you  had  a  fracture 
going  up  to  the   surface  its  effect  would  depend  to  some 
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extent  on  the  conformation  of  that  surface.  For  instance, 
if  the  surface  were  hilly,  the  crack  might  extend  up  to, 
and  cut  off  part  of  the  side  of  the  hill,  when  the  hill  itself 
might  slide,  and  the  damage  extend  a  long  distance  further 
than  is  computed  by  the  author  of  the  paper. 

The  President  said:  My  own  experience  commences 
from  a  very  early  date.  When  I  was  at  home  living  with 
my  father,  (in  fact,  I  was  quite  young),  the  coal  had  to  be 
got  under  a  house.  It  was  a  very  large  and  very  heavy 
building,  and  he  was  asked  what  must  be  done  to  it — how 
was  the  coal  to  be  worked  ?  He  said :  "  Sweep  it  all  out  as 
quickly  as  possible.  Do  not  hesitate — get  it  all  out  at 
once."  And  they  did  so;  they  proceeded  to  work  right 
through ;  the  house  cracked  down  the  middle,  but  as  they 
worked  on,  in  a  very  few  weeks  afterwards,  the  house  closed 
again,  and  no  more  damage  was  done  to  it  than  you  could 
have  expected  if  it  had  not  had  any  coal  got  under  it  at  all. 
It  was,  in  fact,  a  perfect  success,  and,  I  believe  myself,  it  is 
much  the  safest  plan  to  get  all  the  coal  out  under  a  building, 
and  to  get  it  out  as  quickly  as  possible.  I  must  say  I  am 
rather  astonished  at  the  amount  of  fall  Mr.  Dickinson  names 
in  his  paper.  I  have  not  experienced  anything  of  the  sort 
myself ;  but  it  all  depends  on  so  many  circimistances.  If 
you  have  a  flat  mine  you  will  have  one  result ;  if  a  steep 
mine  you  will  have  another.  If  you  get  it  in  pillar  and 
stall  work,  you  will  have  damage  quite  different  from  what 
yon  will  have  in  longwork.  There  are  so  many  different 
circumstances  that  I  do  not  think  the  experience  of  any  of 
us  can  serve  as  a  guide  to  others.  It  is  a  most  interesting 
sabject,  and  we  owe  a  debt  of  gratitude  to  Mr.  Dickinson  fox; 
bringing  it  forward. 

Dr.  Black  said:   It   occurs  to  me  that  the  dangerous 
character  of  gravel  and  sand  arisesfrom  their  being  of  a  viscous 
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nature.  If  you  tap  a  large  body  of  water  it  will  begin  to 
flow  out  of  the  aperture,  and  the  surface  level  of  the  water 
will  subside.  The  same  happens  in  a  large  body  of  sand ; 
tap  the  sand  on  a  lower  level,  and  it  begins  to  show  on 
the  surface  of  the  deposit.  The  tapping  of  a  bed  of  gravel 
at  the  lower  part  of  the  dip  will  occasion  the  impulse  to  be 
propagated  through  the  whole  bed  of  the  gravel,  up  to  its 
highest  level,  where  it  emerges  on  th6  surface  soil ;  so  where 
a  house  is  built  at  the  upper  extremity  of  the  dip  it  will  be 
affected  by  mining.  The  effect  of  working  100  yards 
distant  at  the  lower  portion  of  the  dip  will  be  immediately 
transmitted  from  the  lower  to  the  higher  level,  without  a 
great  appearance  of  dislocation  in  the  strata.  The  same 
effect  would  be  apparent  as  if  the  whole  of  the  strata  of 
gravel  had  been  composed  of  water,  the  particles  of  which 
are  the  coimterpart  of  the  grains  of  the  other. 

Mr.  William  Saint:  The  important  question  seems  to  be 
whether  any  system  of  working  can  be  adopted  to  minimise  the 
effect  upon  buildings.  l^Tiich  is  the  best  way  of  approaching 
a  building  P  Take  the  case  of  inclined  seams;  is  it  best  to 
approach  the  buildings  from  the  rise  towards  the  dip,  or 
from  the  dip  towards  the  rise,  or  on  the  level  P  And, 
having  worked  out  one  seam  under  a  building;  what  would 
be  the  best  course  with  regard  to  the  succeeding  seam? 
Should  the  second  seam  be  worked  in  the  same  direction  as 
the  first,  or  should  the  order  be  reversed  or  varied  so  as  to 
minimise  the  dislocation  P 

Mr.  Dickinson,  in  replpng,  said :  The  gentlemen  who 
have  spoken  are  practically  conversant  with  the  subject. 
The  remarks  with  which  Mr.  Burrows  has  favoured  us  are 
from  an  engineer  of  very  considerable  experience,  working  a 
great  number  of  seams;  and  the  information  he  has  given 
adds  very  much  to  the  value  of  the  paper.     Mr.  Unswortli 
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has  also  had  very  considerable  experience  in  the  working  of 
mines  of  different  thicknesses.  He  spoke  of  the  two  forces 
which  I  mentioned,  with  reference  to  Mr.  Moore's  obser- 
vations, and  he  gave  an  instance  where  he  had  observed 
them  both  operating  on  or  near  to  the  same  building.  I 
have  no  doubt,  that  what  he  stated  is  strictly  correct,  and 
the  explanation  is  easily  found — that  where  you  have  an 
immense  body  of  ground  subsiding,  there  must  not  be  only 
a  drawing  asunder,  but  also  some  squeezing  together  of 
certain  parts  of  it.  The  instances  I  gave  you  of  the  lifting 
and  pushing  of  coping  stones  aside  and  the  cracking  oS  of 
comers,  clearly  shows  it.  I  have  also  known  cases  where  the 
lifting  of  the  rails  on  a  tramway,  has  been  attributed  to  the 
underground  workings  and  the  squeezing.  Mr.  Unsworth 
also  mentioned  the  effect  of  sewers  taking  the  water  from 
beda  of  sand  and  gravel.  There  is  no  doubt  that  colliery 
owners  are  very  often  charged  with  causing  subsidence 
where  it  is  entirely  due  to  the  making  of  sewers  and  taking 
away  water  from  sand  and  gravel.  Sand  makes  a  fair 
foundation  as  long  as  the  water  is  not  removed ;  when  it  is 
removed  you  get  a  very  poor  foundation,  as  was  discovered 
when  floods  came  in  the  earliest  times. 

Mr.  Macalpine  also  has  had  considerable  experience  in 
the  north  Lancashire  coalfield.      He  has  a  large  colliery 
at  Altham  and  Moorfields,'and  also  at  Great  Harwood.      He 
has  not  found  any  serious  damage  occasioned  by  the  work- 
ings, and  only  in  some  very  special  cases  has  he  found  the 
surface  subsided.      He  works  a  thin  seam,  from  26  to  28 
inches;  and  I  know  that  he  packs  it  pretty  well.     A   thin 
8eam  Uke  that  will  supply  plenty  of  dirt,  and  occasionally 
some  may  have  to  be  taken  out  to  the  surface.     But  I  know 
this  also,  that  in  his  workings  there  is  compression  of  the 
lacking.     That  compression  can  only  come  from  subsidence. 
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and  although  it  is   not  ohservable  on   the   surface^   there 
must  be  subsidence,  or  the  packings  would  not  be  corn- 


Then  we  had  the  views  of  Mr.  James  Atherton,  a  gentle- 
man who  has  had  very  large  experience  of  this  subject. 
He  is  not  only  the  managing  agent  of  a  large  Tyldesley 
colliery,  but  he  has  also  a  very  large  general  practice  as 
a  mining  engineer,  with  many  opportunities  of  observing. 
He  has  given  you  his  experience,  and  it  forms  a  valuable 
addition  to  this  subject ;  I  do  not  think  any  comment  is 
needed  upon  it. 

Mr.  Henry  Hall,  one  of  Her  Majesty's  Inspectors  of  Mines, 
also  has  had  many  opportunities  of  observing,  but  he  has 
confined  his  remarks  on  this  subject  more  particularly  to  the 
drawing  and  moving  of  shafts  and  mining  roads.  There  is 
not  the  slightest  doubt  that  if  a  shaft  or  a  road  is  in  the  line  of 
the  draw  it  must  be  twisted,  and  drawn  out  of  place  precisely 
the  same  as  the  surface.  In  fact,  in  South  Staffordshire, 
where  they  work  amongst  very  soft  strata,  the  shafts  used  to 
be  twisted  so,  that  in  going  down  in  the  skips  without  guides, 
you  were  in  great  danger  of  being  thrown  out  through 
bumping  against  the  curves  in  the  shaft.  The  late  Inspector 
for  that  district,  Mr.  J.  P.  Baker,  recommended  people  to 
put  a  strap  or  chain  round  them  before  going  down,  in  order 
to  avoid  being  thrown  out,  and  he,  himself,  used  one.  Many 
of  the  collieries  were  of  very  small  area,  so  that  they  could 
not  leave  large  pillars.  In  olden  times  it  was  a  common 
practice  to  work  the  whole  of  the  coal  round  about  the 
bottom  of  the  shaft,  taking  it  clean  out,  and  allowing  the 
shaft  to — as  they  called  it — "  sit  down."  And  it  sat  down, 
often,  but  not  always,  straight.  Those  shafts  were  carefully- 
bricked  throughout.  At  one  of  the  Ince  collieries,  Wigan, 
some  808  yards  deep,  to  the  Arley  mine,  I  foimd  .the  coal 
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about  the  shaft  crashed  into  dust  by  the  pressure.     I  men- 

to  Mr.   Bryhaniy  the  manager,  what  they   did  in  South 

Staffordshire  to  meet  such  a  case,  and  asked  if  there  was  any 

man  bold  enough  in  Lancashire  to  try  it.      The  experience 

at  present  is  that  it  is  best  to  leave  sufficient  shaft  pillars. 

They  are  tighter  than  you  can  put  in  any  stowing,  and  they 

also  help   to  prevent  the  surface   subsiding,   and  perhaps 

damage  to  the  winding  and  pumping  machinery,  screens, 

and  such  like.      Another  point  Mr.  Hall  asked  me  to  touch 

upon  was  the  effect  of  subsidence  varied  by  the  conformation 

of  the   surface.       There  is  no  doubt  it  is  varied.       It  is 

obvious  it  must  be  so.      By  one  of   the   Lancashire   and 

Yorkshire  Railway  Acts,  where  workings  are  approaching 

a  canal,  notice  has  to   be   given  in   working   an  inclined 

.seam,  when  a  right  angle  set  up  from  the  seam  comes  to  the 

surface  100  yards  from  the  canal,  the  surface  measurement 

to  be  taken  on  a  level  with  the  water  in  the  canal,  so  as  to 

meet  any  varied  conformation  of  the  surface. 

Dr.  Black  has  mentioned  the  effect  of  removing  water  from 
sand  and  gravel.  That  is  gone  into  pretty  extensively  in  the 
paper.    It  only  adds  weight  to  what  is  said  there. 

I  must  also  mention  the  President's  contribution  to  the 
discussion.  I  have  known  Mr.  Clegg  Livesey  48  years,  and 
I  know  that  he  has  had  a  wide  experience,  not  only  in  the 
work  of  his  own  collieries,  but  as  a  general  practitioner 
throughout  many  parts  of  England,  particularly  in  Lancashire 
and  Cheshire,  and  I  would  only  say  the  same  with  regard  to 
what  he  has  said,  as  I  did  in  referring  to  the  remarks  of 
Mr.  Atherton.  His  observations  form  a  valuable  addition 
to  the  subject. 

Mr.  Saint  introduced  new  matter,  as  to  whether  it  is  safer 
to  approach  a  building  from  the  rise  or  from  the  dip,  but 
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theae  are  tilings  that  have  really  to  be  governed  by  circum- 
stances. It  is  very  rare  that  a  person  would  work  his  coal 
down  to  the  dip ;  the  weight  rides  on  the  f  ace^  and  makes 
the  working  dangerous.  And  then  you  have  to  take  it  in 
the  way  your  workings  naturally  approach  the  building. 
Another  question  he  asked  was  whether,  having  worked 
your  seam  near  to,  or  \mdemeath,  a  building,  in  working  a 
lower  seam  it  would  not  be  better  to  vary  the  direction  of 
the  working.  Supposing  the  first  working  had  gone  from 
East  to  West,  whether  the  next  one  should  not  be  taken 
from  North  to  South  P  Again,  as  I  said  with  regard  to  the 
way  in  which  workings  have  to  be  laid  out,  you  have  to  bo 
guided  by  circimistanccs.  You  cannot  always  make  a  second 
working  at  right  angles  to  the  first.  There  is  such  a  thing 
as  a  cleavage  in  the  coal.  If  you  do  not  work  on  the  face 
you  have  generally  to  pay  an  extra  price  for  working  on 
the  end,  so  it  is  impossible  to  lay  down  any  general  rule  as 
applicable  in  all  cases. 


Professor  W.  Galloway,  of  Cardiff,  it  appears  has  read  a 
paper  on  the  subject.  At  the  close  of  the  meeting,  a  report 
of  it  from  the  Colliery  Ouardian  of  September  24th  and 
October  Ist,  1897,  was  handed  to  me  by  Mr.  Mort.  Sum- 
marising the  report  very  briefly,  it  appears  that:  From 
early  times  continental  mining  engineers,  like  their  con- 
temporaries here,  believed  the  disturbance  of  the  surface  to 
be  limited  by  depth,  more  than  has  since  been  proved 
to  be  the  case.  A  Commission,  in  1827,  reported  that 
excavations  not  nearer  than  about  110  yards  (100  metres) 
would  not  affect  either  houses  or  wells.  This  distance  was 
doubted  by  a  second  Commission  in  1839  ;  and  this  doubting 
was  not  modified  by  a  third  Commission  in  1859.  Serious 
subsidence,  however,  resulting,  the '  subject  was  reinvesti- 
gated by  M.  Dumont,  whose  report,  extending  over  331 
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quarto  pages,  is  not  detailed  by  the  Professor.  Further 
inyestigation  was  made  by  M.  Fayol,  to  the  effect  that : — 
In  horizontal  mines,  where  the  excaration  is  sufficiently 
large  to  affect  the  surface,  the  subsidence  above  the  excavation 
increases  gradually  in  extent  up  to  a  certain  height,  above 
which  it  begins  to  recede  gradually  tmtil  the  extent  becomes 
of  similar  area  to  that  of  the  excavation.  The  height  to 
which  the  subsidence  increases  is  not  stated  specifically,  but 
the  greatest  height  shown  is  760  feet.  Commencing 
inmiediately  above  the  excavation  the  depth  of  the  subsi- 
dence gradually  diminishes,  until  it  ceases  to  be  measurable^ 
and  the  overlying  ground  is  only  slightly  disturbed.  In 
inclined  mines  the  subsidence  is  mainly  towards  the  dip. 
In  some  aspects  M.  Fayol's  conclusions  coincide  with  those 
in  the  present  paper,  but  in  other  aspects  there  is  divergence. 
The  writer  of  the  present  paper  has  observed  considerable 
disturbance  of  surface  beyond  the  vertical  line,  where  the 
depth  of  the  excavation  was  1,000  yards. — [J.D.] 

Mr.  A.  DuRY  MiTTON,  has  since  communicated  the 
following:  I  h^ve  read  Mr.  Dickinson's  very  interesting 
paper  about  colliery  subsidences  and  regret  that  I  was  not 
able  to  be  present  to  hear  the  discussion  upon  the  same  at 
the  meeting.  There  is  no  doubt  that  there  is  a  great 
disinclination  amongst  mining  engineers  to  express  their 
views  upon  this  important  subject,  owing  to  the  great 
diversity  of  opinion  that  exists,  and  also  owing  to  the  fear  of 
any  special  case  used  as  an  illustration  being  brought  forward 
as  evidence  at  any  future  date.  I  always  think,  however, 
that  all  mining  engineers  should  keep  a  record  of  damages 
to  property,  as,  com^ring  together  the  various  occurrences 
tends  to  assist  in  forming  opinions  as  to  how  to  prevent 
damage  to  property,  one  of  the  lessee's  most  expensive 
outlays  in  colliery  working.     I  give  two  sketches  as  worthy 
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of  note.  In  Figs.  3  and  4  the  whole  of  the  coal  was  worked 
out  underneath  the  buildings,  from  two  seams  of  coal  3ft.  and 
7  ft.  thick  respectively,  at  depths  of  179  yards,  and  224  yards 
respectively,  and  the  workings  being  stopped  at  36  yards 
to  the  rise  of  the  buildings,  the  faces  of  the  coal  made  a 
right  angle   break   through   the   strata,   pulling  a  row  of 
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houses  apart,  so  damaging  the  part  of  the  houses  shown  in 
black  that  they  liad  to  be  rebuilt  and  leaving  the  houses 
crossed  imhurt.  The  plan  and  section,  Figs.  5  and  6,  shews 
an  exactly  opposite  case  of  working  the  coal  imder  a  row 
of  buildings,   with  similar  results  to  those  shewn  before. 
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The   coal  here  being  left  solid,  and  an  almost  identical 
break  at  right  angles  to  the  seam  of  coal. 

Mr.  H.  Richardson  Hewitt,  one  of  H.M.  Inspectors  of 
of  Mines,  also  has  since  sent  his  yiews.  He  recapitulates 
some  of  the  leading  points  of  the  paper ;  and  gives  two 
instances  of  subsidence,  one  of  them  from  the  working  of  a 
four-foot  seam  at  230  yards,  dipping  two  inches  to  the  yard 
towards  buildings,  pulling  them  when  the  face  was  88  yards 
away ;  and  mentions  that  in  I^orth  Staffordshire,  over  the 
very  steep  mines  called  "  rearers,"  pillars  have  been  left  for 
the  support  of  buildings  not  vertically  under  the  buildings 
at  all. 

The  latter  mode  of  treating  subsidence  is  mentioned  in 
Part  I.  of  the  paper,  and  it  apparently  ignores  the  perpen- 
dicularity of  gravity. — [J.D.] 


THE   IJTEBATUBB    CONCERNING   SUBSTOENCE   FROM 
COAL  WORKING. 

By  Arthur  3Iort,  B.Sc. 


The  object  of  this  addendum  to  the  recent  discussion  is 
rather  to  mention  where  further  facts  and  opinions  may  be 
found  recorded,  than  to  attempt  any  adequate  summary  of 
the  various  papers  named  here;  though  some  mention  of 
their  nature  may  be  made.     The  papers  referred  to  are : — 

Mr.  John  Buddie  (the  celebrated  viewer) :  Letter  to  Sir 
Charles  Lyell,  (quoted  by  H.  W.  Hughes,  Jour.  Brit.  Soc., 
Hin.  Students,  1889). 

Mr.  J.  Gtoodwin:  Trans.  Manch.  GeoL  Soc.,  Vol.  IV.,^ 
1864. 

Mr.  W.  J.  Grimshaw:  Trans.  Manch.  Geol.  Soc.,  Vol. 
IIV.,  1878. 
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Prof.  Gallon :  Lectures  on  Mining,  Paris,  (translated  by 
Foster  and  Gblloway.)     Vol,  II.,  page  304. 

Mr.  J.  S.  Dixon:  Trans.  Min.  Inst.,  Scotland.  VoL 
VII.,  1886. 

Messrs.  Dron,  Bulman,  Longden  &  Gresley,  in  Jour.  Brit. 
Soc.,  Mining  Students.  Vols.  XI.,  XII.,  and  XIH., 
1889-90. 

Mr.  W.  Spencer :  Trans.  Fed.  Inst.  Min.  Eng.  Vol.  V., 
1892. 

Prof.  W.  Galloway :  Trans.  S.  Wales,  Inst.  Eng.  VoL 
XX.,  Part  5,  1897. 

Mr.  S.  R.  Kay:  Trans.  Inst.  Civil  Engineers,  London, 
November,  1898. 

The  papers  of  Messrs,  Goodwin,  Bulman,  Spencer,  and 
Galloway  all  induced  weighty  discussions  and  correspon- 
dence; together  they  record  the  views  of  most  of  our 
experienced  men. 

Mr.  BuDDLB  makes  the  interesting  remark  that,  in  his 
experience,  subsidence  is  invariably  greater  with  a  sand- 
stone than  with  a  metal-stone  roof. 

Mr.  Goodwin,  speaking  of  the  breakage  lines,  puts  his 
observations  into  the  form  of  a  table.  I  have  tried  to 
represent  them  graphically  in  fig.  7.  They  refer  to  seams 
4  to  6  feet  thick,  at  depths  of  about  200  yards,  with  difiEerent 
inclinations;  and  it  is  to  be  remembered  that  this  is  not  a 
theory,  but  a  record  of  facts  by  an  evidently  careful 
observer. 

The  diagram  shows  the  amount  of  draw,  and  hence  the 
angle  of  fracture,  in  working  any  of  seven  seams  of  different 
inclinations.  Thus,  it  will  be  noticed,  that  for  a  seam  (A) 
dipping  lO"*,  the  angle  of  fracture  is  96J**,  (greater  than  a 
right  angle) ;  for  scam  (C)  at  20"*,  angle  is  89J^  (practically 
a  normal)  ;  while  for  a  seam  (G)  dipping  40',  the  angle  is 
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only  75^°,  (less  than  a  right  angle).  Evidently  the  direction 
of  a  line  determining  the  position  of  fracture  varies  within 
much  smaller  limits  than  the  range  in  dip  of  the  seams. 
Also,  the  position  of  the  surface  break  is  shown  as  practically 
identical  (b,  c,  d)  for  seams  B,  C,  D,  dipping  IS**,  20**,  and 
24*"  respectively.  Mr.  Goodwin  states  also  that  the  lateral 
draw  in  18  different  cases  was  5**  to  7°,  i.e.,  1  horizontal  in 
8  to  11  vertical. 
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As  bearing  on  Mr.  Dickinson's  suggestions  concerning  the 
probable  angle  of  fracture  through  different  beds,  Mr. 
Goodwin  is  interesting.  He  considers  that  the  breakage 
line  of  sandstone  is  more  nearly  vertical  than  that  of  shale, 
but  from  careful  observations  he  concludes  that  the  difference 
in  the  angle  does  not  exceed  5°.  The  whole  paper  is  a  solid 
contribution,  and  has  been  oddly  overlooked. in  more  recent 
<^tudie8  of  the   question.     In  the   discussion  Mr.  Andrew 
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Enowles  gave  an  amusing  illustration  of  the  fact  that 
damage  to  buildings  often  tends  to  right  itself  as  the  work- 
ings proceed ;  a  building  was  much  damaged,  and  put  right ; 
afterwards,  on  working  anew,  it  altered  back  again. 

Mr.  W.  J.  Grimshaw  describes,  with  plan  and  sections^ 
the  effect  on  a  reservoir  embankment  and  neighbouring 
surface,  as  a  seam  4  feet  thick,  dipping  1  in  3,  at  66  yards 
deep,  was  worked  from  below.  The  maximum  subsidence 
was  24  inches. 

In  the  discussion  Mr.  Ratcliffe  instanced  a  case  of  the 
longwall  working  of  a  seam  3  ft.  8  in.  thick,  under  the 
river  Clyde,  where  it  was  200  to  250  feet  wide,  at  a  depth  of 
only  52  yards.  No  water  came  through ;  a  thickness  of 
17  yards  of  clay  was  known  to  exist  below  the  river 
bottom. 

M.  Gallon,  as  the  result  of  great  experience  in  France, 
enxmciated  the  "  Theory  of  the  Normal  '*  viz. :  that  after 
removal  of  coal  from  an  area,  the  subsidence  of  the  roof  on 
the  pack  causes  fractures  along  the  perimeter  of  the  area  at 
right  angles  to  the  measures.  He  also  was  of  opinion  that 
the  subsidence  within  the  area  indicated  by  these  fractures, 
continues  gradually,  without  sensible  diminution  in  amount, 
quite  up  to  the  surface,  whatever  may  be  the  depth  of  the 
mine.  This  "  Normal "  theory  is  widely  held  and  acted  upon 
by  mining  engineers  in  Lancashire. 

Mr.  J.  S.  Dixox  records  a  series  of  levellings  to  determine 
subsidence  and  draw  at  Bent  colliery,  in  Scotland;  the  paper 
has  been  largely  quoted  by  Bulman,  Brough,  and  others. 
A  thickness  of  5  ft.  6  in.  was  taken  out,  and  the  roof  allowed 
to  fall ;  depth  216  yards  ;  dip  1  in  20.  The  subsidence  was 
found  to  be  greatest  (4  ft.)  towards  the  centre  of  the 
excavated  space,  and  to  diminish  gradually  in  each  direction. 
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The  maximum  "draw''  (measured  along  level  course  of  seam, 
to  eliminate  dip)  was  1  ft.  horizontal  for  ea^li  6^  ft.  vertical ; 
and  subsidence  and  draw  had  attained  their  limit  in  18 
months  after  ceasing  work. 

Mr.  Bulman's  two  papers  are  mainly  an  account  of  the 
work  of  the  two  great  Continental  authorities,  Dxmiont  and 
FayoL 

M.  Dumont  studied  minutely  the  effect  of  coal  working 
under  the  town  of  Li^ge.  His  results  are  complicated  by 
the  contortion,  faulting,  and  inversion  of  the  strata  there. 
He  believed  in  the  theory  of  normal  fractures.  Mr.  Bulman 
gives  diagrams  from  him  showing  how  the  plane  of  fracture 
is  affected  by  a  change  in  the  dip  of  the  beds  ;  by  meeting 
with  a  fault ;  and  by  a  surface  "  cover  '*  of  drift.  As 
regards  faults,  the  plane  of  fracture  is  shown  as  deflected, 
into  the  fault-plane,  which  is,  of  course,  itself  a  fracture. 
Thus  a  fault  may  reduce  or  extend  the  area  of  surface 
affected,  according  to  its  direction  of  slope. 

M.  FayoFs  work  is  later.  He  took  observations  and 
levels  for  many  years  to  see  the  results  of  workings  of 
various  depths,  thicknesses,  and  inclinations  in  unfaulted 
districts ;  then  checked  his  conclusions  by  experiments  with 
models.  As  a  result  of  this  patient  and  thorough  work,  he, 
besides  putting  on  record  his  facts,  formulated  what  has 
become  known  as  the  "Dome  Theory,"  This  theory  has  the 
merit  of  largely  correlating  and  harmonising  the  many 
otherwise  irreconcilable  results  which  have  puzzled  observers. 
Mr.  Hughes  remarks  of  M.  FayoFs  memoir: — "This 
paper  is  the  most  important  one  which  has  been  published 
on  the  effect  on  the  surface  of  coal  working,  and  throws 
cMndderable  light  on  what  is  perhaps  the  most  intricate 
problem  in  mining,  and  about  which  few  facts  are 
known." 
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One  of  his  many  diagrams  will  serve  to  illustrate  his 
chief  points.  {Fig.  8.)  The  part  of  the  measures  affected 
by  withdrawal  of  support  is  represented  as  limited  by  a  sort 
of  dome  (shown  in  section) ;  the  amount  of  moTement  dim- 
inishes by  degrees  as  we  get  further,  laterally  or  vertically, 
from  the  centre  of  the  area  excavated.  The  shape  of  the 
dome  is  dependent  on  thickness  of  excavation,  area,  depth, 
and  nature  of  measures. 

In  the  diagram,  the  effect  does  not  reach  to  the  surface 
S,  and  barely  to  S,.  If  S  were  the  surface,  the  area 
affected  would  be  2, 2,  as  if  fixed  by  a  vertical  from  A,  and  by 
a  line  almost  normal  to  the  seam  from  B.      If  S,  were  the 
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surface,  the  area  affected  would  be  3,  3.  If  S*,  the  area  of 
subsidence  would  be  4,  4,  which  is  seemingly  limited  by  a 
normal  from  A,  and  by  an  almost  vertical  line  from  B. 
Lastly,  if  S*  were  the  surface,  the  area  affected,  5,  5,  would 
indicate  considerable  "draw"  on  each  side.  M.  Fayol  found 
that  the  surface  was  convex  (hence  stretched  and  cracked) 
at  the  margin  of  areas  affected;  concave  in  the  central 
portion.  As  the  area  extends  the  old  cracks  tend  to  close. 
He  gives  concrete  examples  of  his  conclusions.  Thus  he 
considers  that  a  scam  of  one  metre  (3|  feet),  worked  out 
without  packing,  would,  in  measures  largely  sandstone,  cease 
to  affect  the  surface  at  200  metres  (say  220  yards)  depth ; 
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and  with  tight  packing  at  90  yards  depth.  Again,  a  seam 
13  ft.  thick,  workings  of  any  extent,  waste  unpacked,  would 
not  be  likely  to  disturb  the  surface  if  over  900  yards  deep. 
Our  English  experience  is  certainly  not  so  comforting  as 
this  in  many  instances  quoted  by  Mr.  Dickinson  and  others. 
But  the  difference  is  probably  one  of  degree  and  not  of 
kind. 

Mr.  BuLMAN,  in  his  book  on  "Colliery  Working  and 
Management,"  applies  M.  Fayol's  results  to  the  determi- 
nation of  the  pillars  for  a  pit  shaft  working  inclined  seams. 
{Fig.  9.)  The  dotted  curved  lines  shown  in  the  diagram, 
between  the  verticals  and  the  normals,  indicate  probable 
lines  of  fracture. 


Fig.  9. 

Mr.  Bidman  advises,  as  dimensions  of  the  shaft  pillars, 
"  side  of  square  =  ^  depth  +  10  yards."  With  deeper  shaft, 
the  pillars  should,  he  holds,  be  larger  even  than  this  rule 
gives.  The  size  most  generally  recognised  as  a  safe  and 
reasonable  one  is  to  make  the  radius  of  the  pillar  equal 
one-third  the  depth  of  the  shaft ;  and  some  allow  more  on 
the  rise  side  of  inclined  seams. 
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Mr.  W.  Spencer,  in  his  paper  before  the  Federated 
Institution  of  Mining  Engineers,  gives  plans  and  descriptions 
of  some  seventeen  cases  of  working  under  or  near  buildings. 
He  considers  the  results  so  diverse  that  he  does  not  venture 
to  generalise  from  them.  None  of  them  strikes  one  as  very 
exceptional.  It  would  seem  that  a  building  is  least  Hkely  to 
be  damaged  if  its  length  lie  parallel  to  the  working  face  of 
the  coal. 

Prof.  W.  Galloway  repeated  before  the  South  Wales 
Institution  of  Engineers  what  Mr.  Bulman  had  already  done 
for  the  Society  of  Mining  Students,  but  more  briefly  in  the 
case  of  M.  Dumont's  work. 

Mr.  Bulman's  papers  are  now  out  of  print. 

The  diagram  (Fig.  8)  here  given  to  illustrate  M.  Fayol's 
views  is  taken  from  Prof.  Galloway's  paper. 

Since  the  above  discussion  took  place  Mr.  S.  R.  Kay  has 
read  a  paper  on  '*  Subsidence  "  before  the  Institution  of 
Civil  Engineers.  (November  29th,  1898.)  He  states  that 
actual  fractures  of  the  ground  are  seldom  caused  by 
workings  at  depths  beyond  100  yards.  The  effect  on 
buildings  is  more  in  the  nature  of  a  "  pull  over  "  than  of  an 
actual  break.  Works  should  be  placed  away  from  goaf 
edges  if  possible,  and  two  or  three  years  at  least  should 
elapse,  after  removing  the  coal,  before  building.  Bridges 
from  beneath  which  coal  seams  will  subsequently  be  worked 
should  be  built  with  strong  well-bonded  abutments  and 
wings,  with  steel  superstructure  having  an  ample  bearing  on 
the  beds.  The  form  of  the  arch  is  to  be  avoided.  The 
subsidence  to  be  expected,  amounting  to  about  two-thirds  of 
the  thickness  excavated,  should,  if  necessary,  be  provided  for 
in  the  first  height  of  the  bridge  ;  otherwise  provision  should 
be  made  for  the  eventual  raising  of  the  superstructure  to  its 
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former  level  if  required.  Lofty  viaducts  should  be  pro- 
tected by  pillars ;  the  piers  should  be  solid,  and  should  not 
be  pierced  by  an  arch. 

Mr.  Kay  gives  a  formula  which  he  considers  satisfactory 
for  determining  the  size  of  a  pillar  to  be  left,  under  normal 
conditions,  for  any  depth  and  thickness  of  seam.  Mr.  Kay 
appears  to  hold  that  no  greater  area  of  pillar  would*  be 
necessary  with  a  seam  dipping,  say  30°,  than  if  the  seam 
were  flat,  but  the  pillar  would  simply  need  to  be  left  towards 
the  higher  side.  He  has  found,  he  further  says,  that  the 
line  of  break  in  such  cases  is  neither  vertical  nor  at  right 
angles  to  the  dip,  but  midway  between  the  two. 

The  whole  of  these  papers  and  discussions  reveal  a  strong 
and  growing  disinclination  to  leave  pillars  for  support.  This 
is  especially  true  as  regards  buildings,  where  mere  lowering  is 
usually  less  serious  than  fracturing;  to  a  less  extent  it  is  true 
of  workings  under  canals,  reservoirs,  railway  viaducts,  and 
even  water  mains,  which  last  are  most  sensitive  of  all  to 
disturbances. 

In  this  connection  it  is  worth  noting  that  the  pillar 
which  Mr.  Dickinson  suggests  as  necessary  for  the  pro- 
tection of  a  building,  would  be  in  case  of  a  seam  400  yards 
deep,  4  feet  thick,  dipping  18* — (see  his  fourth  diagram), — 
about  450  yards  by  300  yards,  representing  over  £4000  in 
royalty  alone,  at  6d.  per  ton. 


82  [Not.,  1898, 

REPORT  OF  THE  DELEGATE   TO   THE   BRITISH 
ASSOCIATION  MEETING  AT  BRISTOL,  1898. 

By  Mr.  Mark  Stirrup,  F.G.S. 


As  a  member  of  the  Britisli  Association  it  was  my  pleasure 
to  attend  the  recent  meeting  at  Bristol,  and  also  to  act  as 
your  representative  at  the  meeting  of  the  delegates  of  the 
Corresponding  Societies  which  are  affiliated  to  the  Associa- 
tion, of  which  the  Manchester  Geological  Society  has  the 
honour  of  being  one.  These  annual  meetings  of  the 
representatives  of  the  Scientific  and  Natural  History 
Societies,  which  are  so  plentifully  scattered  through  the 
land,  are  thus  kept  in  touch  with  that  valuable  perambulating 
organization — ^the  British  Association — ^whose  object  is  the 
advancement  of  science  in  all  parts  of  the  kingdom. 

In  the  last  report  of  the  Corresponding  Societies 
Committee  to  the  Coxmcil  of  the  British  Association, 
presented  at  Bristol,  it  is  mentioned  with  satisfaction  that 
the  Corresponding  Societies  steadily  increase  in  number, 
and  that  the  total  number  of  members  composing  them 
also  increases.  The  Toronto  report,  1897,  shows  69 
Corresponding  Societies,  having  a  total  of  22,395  members. 

The  Committee  publishes  annually  a  list  of  the  Corres- 
ponding Societies  with  an  index  of  the  papers  read  before 
each  Society,  giving  the  title  and  author's  name,  thus 
forming  a  record  of  local  work,  which  is  included  in 
the  annual  report  published  by  the  Association. 

Notwithstanding  the  fact  that  each  Society  has  rightly  its 
own  scheme  of  usefulness  and  work  to  carry  out,  one  of  the 
benefits  sought  to  be  obtained  by  this  union  of  local  Societies 
to  the  British  Association  was  the  uniting,  if  need  be,  the 
members  of  these  often  widely  separated  Societies  in  a  common 
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effort  to  a  special  end.  For  instance,  may  be  mentioned  those 
special  investigations  or  enquiries  which  are  set  on  foot  by 
the  Ajssoeiation,  under  the  charge  of  various  committees, 
yearly  appointed,  and  which  are  in  many  cases,  liberally 
aided  by  grants  of  money  from  the  funds  of  the  Associa- 
tion. 

Two  conferences  of  the  delegates  are  called  together  by  the 
committee,  at  each  of  which  the  delegates  are  expected  to  be 
present,  and  moreover,  they  are  enjoined  to  report  to  their 
respective  Societies  the  results  of  their  deliberations. 

To  save  time  and  avoid  desultory  conversation,  often  with 
no  immediate  aim  in  view,  it  has,  of  recent  years,  been 
thought  better  to  fix  the  attention  of  the  Conference  on  some 
special  subject. 

Thus,  this  year  at  Bristol,  the  subject  for  the  consideration 
of  the  first  Conference  was  the  "  Erosion  of  the  Sea  Coasts 
of  England  and  Wales,"  and  the  delegates  were  invited  to 
offer  suggestions  as  to  the  best  means  of  collecting  informa- 
tion pertinent  to  the  enquiry.  Mr.  W.  Whitaker,  F.R.S., 
President  of  the  London  Geological  Society,  took  the  chair, 
and  opened  the  discussion.  He  pointed  out  that  many  of 
the  most  severe  cases  of  coast  erosion  were  due  to  the  shifting 
of  shingle  and  the  wearing  away  of  the  beach  by  the  action 
of  the  wind  and  the  tide. 

It  may  here  be  mentioned  that  a  Committee  of  the  British 
Association  was  appointed  to  investigate  this  matter  so 
long  ago  as  the  year  1881,  the  Secretaries  being  the  late 
Mr.  W.  Topley  and  our  honorary  member,  Mr.  De  Ranee. 
Numerous  valuable  reports  have  been  handed  in  from  time 
to  time  by  members  of  that  Committee  and  other  gentlemen 
interested  in  the  subject.  Notwithstanding  the  information 
thus  gathered  the  report  presented  to  the  Association  in 
1895  contains  the  following  paragraph : — 
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"  The  late  Mr.  R.  B.  Grantham,  M.Inst.C.E.,  F.G.S.,  in 
1888,  then  Chairman  of  the  Committee,  stated — ^what  is 
equally  true  in  1895  in  the  Hght  of  experience  gained  in  the 
interval — that  the  papers  hitherto  prepared  are  very  valuable, 
but  they  are  unconnected,  and  do  not  give  the  means  of 
enabling  us  to  promote  a  system  of  protection  in  all  parts  of 
oiir  coasts.  It  seems  essential  that  the  information,  to  be 
practically  useful,  should  point  out  how  a  connected  method 
of  proceeding  and  operation  could  be  formed  to  prevent  the 
wearing  away  of  land." 

Such  is  the  imsatisf  actory  pronouncement  of  the  Committee 
after  14  or  15  years  of  inquiry,  and  I  fear  that  the  question 
was  not  much  advanced  by  the  suggestions  and  recommen- 
dations offered  by  the  delegates  at  the  Conference,  the  result 
of  which  is  embodied  in  the  following  resolution  which  was 
passed: — "That  the  Council  of  the  British  Association  be 
requested  to  bring  under  the  notice  of  the  Admiralty  the 
importance  of  securing  systematic  observation  on  the  erosion 
of  the  sea  coast  of  the  United  Kingdom,  and  that  the  co- 
operation of  the  Coastguard  might  be  profitably  secured  for 
this  purpose." 

Engineering  skill  has  apparently  so  far  failed  in  providing 
an  efficient  means  of  protection  to  those  parts  of  our  coast 
liable  to  waste  from  inroads  of  the  sea,  notwithstanding 
large  sums  of  money  spent  by  private  owners  of  land  and 
corporate  bodies.  Examples  of  the  great  loss  of  land 
sustained  by  some  of  the  maritime  counties  are  notorious  in 
some  parts  of  Kent,  Sussex,  and  Hampshire,  and  are  visible 
near  at  hand  on  the  Lancashire  coast  at  Blackpool  and  the 
Holderness  coast  of  Yorkshire.  If  it  be  thought  necessary 
that  concerted  and  comprehensive  measures  should  be 
iindertaken  to  preserve  our  wasting  shores,  it  seems  iiseless 
to  hope  for,  or  expect,  united  action  on  the  part  of  the  owners 
of  the  coast  lands,  who  are  naturally  only  concerned  with 
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the  protection  of  their  own  property,  therefore  it  would 
deToIve  upon  the  goTemment  as  a  work  of  imperial  interest. 
The  difficulties  surrounding  such  a  project  seem  insuperable 
and  would  reasonably  deter  any  government  from  meddling 
with  it.  Some  legislative  limitation  to  the  rights  of  owntsrs 
of  coast  lands  seems  however  necessary,  where  the  taking 
of  shingle,  sand,  &c.,  endangers  the  stability  of  the  coast 
line,  and  especially  in  the  destruction  of  sea  cliffs  for  lime 
and  building  stone,  when  the  rocks  or  cliffs  act  as  a  barrier 
to  inroads  of  the  sea,  and  as  a  protection  to  neighbouring 
land. 

The  second  Conference  of  the  Delegates  was  occupied  in 
considering  reports  from  the  various  sections  of  the 
Association.  These  reports  point  out  where  the  help  of 
local  societies  may  be  advantageous  in  carrying  out 
researches  proposed  by  the  respective  sections.  Prof. 
Sylvanus  Thompson  began  with  some  remarks  and  sugges- 
tions on  the  desirability  of  imiformity  in  the  size  of  the 
pages  of  the  printed  matter  and  reports  issued  by  scientific 
societies,  a  recommendation  which,  after  considerable 
disciission,  was  favourably  received,  and  a  general  opinion 
expi^ssed  in  favour  of  uniformity  wherever  possible. 

Dr.  Ghirston  then  drew  attention  to  the  work  of  the 
Ethnographical  Survey  of  the  United  E[ingdom,  and  offered 
suggestions  as  to  the  way  in  which  local  societies  might 
assist  The  object  of  the  Ethnographical  Survey  Committee — 
which  was  established  some  four  or  five  years  ago — "  is  to 
obtain  a  collection  of  authentic  information  relative  to  the 
population  of  the  British  Isles,  with  a  view  to  determine  as 
&r  as  possible,  the  racial  elements  of  which  it  is  composed." 
To  this  end,  the  collection  of  folk-lore — current  traditions 
and  beliefe — observations  or  peculiarities  of  dialect,  descrip- 
tions of  existing  ancient  monuments,  as  cromlechs,  barrows, 
&c,  are  desired.     Inqxdries  such  as  these  are  altogether 
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outside  the  work  of.  our  Societj'-,  yet  there  may  he  some 
of  the  memhers  interested  in  local  history  and  antiquities 
who  might  he  willing  to  help  this  Committee.  If  such  is 
the  case,  an  examination  of  the  copy  of  the  Schedule  of 
Enquiries,  with  explanatory  notes  attached — (now  laid  on 
the  table) — ^will  give  a  better  idea  of  the  method  and  scope 
of  work  recommended  to  be  followed,  than  this  brief  notice. 

The  foregoing  reaumi  contains  a  compendium  of  what 
took  place  at  the  two  conferences  of  the  delegates,  and  at 
this  point  my  report  might  well  close,  but  following  the 
custom  of  previous  years,  I  would,  with  your  permission,  ask 
your  attention  to  a  few  brief  remarks  on  some  of  the  papers 
brought  before  the  Geological  Section  of  the  Association, 
which  struck  me  as  having  some  interest  for  us. . 

The  address  of  Mr.  Hudleston,  F.R.S.,  the  President  of  the 
Section  first  claims  attention,  but  as  it  is  naturally,  mainly 
concerned  with  questions  relating  to  the  geology  of  Bristol 
and  of  that  of  the  West  of  England,  I  need  only  indicate  its 
purport,  without  giving  any  lengthy  abstract.  There  is 
one  question,  however,  with  which  Mr.  Hudleston  deals,  of 
which  I  ought  not  to  omit  mention,  knowing  the  interest 
taken  in  it  by  some  of  our  members,  and  that  is,  the 
probability  of  the  extension  of  the  Dover  coalfield  to  the 
west  of  England.  Mr.  Hudleston  deprecates  the  continuance 
of  those  costly  borings  in  East  Anglia  as  a  field  both 
unpromising  and  unsuitable.  He  says,  ''if  coal  is  to  be 
found  beneath  the  Secondary  rocks,  the  line  of  search  should 
be  carried  through  the  counties  of  Kent,  Surrey,  Berkshire 
and  Wiltshire,  though  the  three  latter  coimties  have  hitherto 
been  content  to  leave  their  underground  riches  unexplored. 
The  Kent  Goal  Exploration  Company  is  doing  some  good 
w6rk  with  a  reasonable  chance  of  success ;  though  if  they  wish 
to  find  coal  sufficiently  near  the  surface  they  had  better  adhere 
as  much  as  possible  to  the  line  of  the  North  Downs,  since 
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operations  on  the  Sussex  side  are  only  too  likely  to  be  within 
the  influence  of  the  Kimmeridgian  Quii  which  was  proved 
to  exist  at  Battle." 

On  a  subsequent  day  the  veteran,  Mr.  Etheridge,  F.R.S., 
gave  his  views  "on  the  relation  and  extension  of  the  Franco- 
Belgian  Coalfield  to  that  of  Kent  and  Somerset."  Mr. 
Etheridge  described  a  visit  he  had  recently  paid  to  the  Mons 
coalfield,  where  he  got  samples  of  the  coal  which  he  found  to 
agree  well  with  that  of  Dover,  both  being  of  the  same 
bituminous  character.  Furthermore,  it  was  stated  that  the 
Mendip  coal  was  an  exact  counterpart  of  the  Belgian.  He 
spoke  hopefully  of  the  future  of  this  new  English  coalfield, 
and  remarked  that  ''  some  people  said  there  was  no  coal  at 
Dover,  but  he  could  tell  them  there  were  eight  very  good 
seams  and  he  had  no  doubt  they  would  soon  be  worked. 
There  could  be  little  doubt  of  the  value  of  the  South  East 
Kent  Coalfield,  and  he  could  speak  of  its  continuity  with 
the  continental  coalfield,  having  been  along  the  great  range 
from  Liege  right  through." 

Turning  now  to  another  subject  which  has  more  than 
local  interest,  I  would  refer  for  a  few  moments  to  a  paper 
given  by  Mr.  E.  B.  Wethered,  F.G.S.,  on  the  "  Building  of 
the  Clifton  rocks,"  in  which  he  shows  that  the  cliffs  of 
Carboniferous  Limestone,  forming  the  grand  gorge  of  the 
Avon  at  Clifton,  were  due  in  large  measure  to  microscopic 
calcareous  organisms,  whose  structure  was  exhibited  in  some 
beautifully  prepared  sections  thrown  on  to  the  screen  by  the 
aid  of  the  lantern.  Crinoids,  corals,  polyzoa,  ostracoda,  for- 
aminif  era  were  all  represented,  with  some  very  minute  and 
curious  encrusting  organisms  which  apparently  lived  at  the 
bottom  of  the  ancient  seas,  but  whether  these  were  of  animal 
or  vegetable  growth  is  a  question  still  imdecided.  Mr. 
Wethered^s  careful  microscopical  examination  of  the  various 
beds  of  limestone  composing  the  Clifton  rocks  has  enabled 
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him  to  offer  evidence  in  support  of  a  correct  stratigraphical 
arrangement  of  rocks  whose  position  in  the  series  might 
have  heen  open  to  douht,  owing  to  the  great  folding  and 
faulting  they  have  undergone.  He  finds  that  certain  beds 
contain  dominant  forms  of  life  to  the  exclusion  of  others;  for 
instance  a  stratum  where  encrinital  remains  prevailed, 
another  stratum  largely  made  up  of  bryozoa,  another  where 
the  ostracoda  were  in  the  ascendant,  and  so  on,  showing  that 
the  presence  of  certain  forms  of  animal  life  were  regulated 
by  the  physical  conditions  under  which  they  lived,  the  same 
as  in  our  present  ocean  depths. 

The  Committee  on  "Life-Zones  in  the  British  Carboni- 
ferous Rocks  "  presented  a  short  report,  mainly  dealing  with 
the  deposit  of  Millstone  G-rit  Age,  recently  explored  at 
Eccup,  near  Halifax,  from  which  an  extensive  collection  of 
fossils  was  made.  The  report  notifies  that  the  specimens 
have  been  distributed  among  the  paleeontologists  specially 
appointed  by  the  Committee,  from  whom  full  reports  have 
not  yet  come  to  hand.  The  collection  is  said  to  be  rich  both 
in  species  and  individuals,  and  probably  the  most  valuable  one 
that  has  been  made  from  the  Millstone  Grit.  The  collection 
is  to  be  deposited  in  the  Museum  of  the  Geological  Survey, 
in  Jermyn  Street.  These  facts  will  probably  be  of  interest 
to  those  of  our  members  who  saw  the  large  and  interesting 
collection  of  marine  mollusca  recently  exhibited  in  these 
rooms,  from  the  Millstone  Grit  at  Pule  Hill,  near  Marsden, 
by  our  members  Messrs.  Barnes  and  Holroyd* 

The  Committee  on  "Photographs  of  Geological  Interest  in 
the  United  Kingdom,^'  presented  their  ninth  report,  giving 
a  list  of  the  last  year's  additions.  The  collection  is  stored 
at  the  Museum  in  Jermjm  Street,  and  may  be  seen  by 
application  to  the  librarian.  The  loan  collection  of  prints 
and  lantern  slides,  useful  for  the  illustration  of  papers,  is 
now  available  for  the  use  of  societies. 
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An  important  paper  entitled:  "  On  the  Revision  of  South. 
Wales  and  Monmouthshire  by  the  Geological  Survey/'  wa& 
submitted  to  the  Section  by  Mr.  A.  Strahan,  one  of  the 
Surveyors.  The  paper  deals  mainly  with  the  stratigraphy 
and  structure  of  the  coalfield,  and  the  progress  of  the 
mapping.  The  original  geological  survey  of  South  Wales 
under  Sir  Henry  de  la  Beche  (1840  or  thereabouts),  and  that 
of  Sir  W.  K  Logan  (1831),  have  become  practically  almost 
useless,  owing  to  the  great  extension  and  development  of  the 
coalfield  in  recent  years.  During  the  present  decade,  a 
revision  of  the  survey  has  been  going  on,  with  varying 
progress,  according  to  the  increase  or  decrease  of  the  staff 
of  surveyors,  but  Mr*  Strahan  is  able  to  announce  that  at  the 
end  of  1897,  1,000  square  miles  had  been  surveyed,  in  which 
5,011  miles  of  geological  Unes  had  been  traced  upon  the  maps. 
As  this  paper  may  not  readily  be  accessible  to  the  members, 
I  perhaps  may  be  permitted  to  abstract  two  or  three 
paragraphs  for  their  information. 

Se  Maps. — "  The  work  is  engraved  on  the  1-inch  'Sew 
Series  Ordnance  Maps  only,  but  the  Hnes  are  all  traced  in 
the  field  on  the  6-inch  maps.  Clean  copies  of  these  working 
maps  are  deposited  in  the  ofiice,  and  can  be  consulted  or 
copied  as  soon  as  the  corresponding  1-inch  sheet  is  published.  . 
At  the  same  time  sheets  of  vertical  sections  illustrating  the 
Coal  Measures  are  prepared;  two  of  them,  giving  series  of 
shaft-sections  in  Monmouthshire  and  Eastern  Glamorgan- 
shire, have  been  published,  and  others  are  in  preparation. 
Explanations  to  accompany  each  sheet  of  the  map  are  also 
being  written;  in  these  the  local  geology  will  be  briefly 
explained ;  but  it  is  proposed  to  describe  the  Coalfield  as  a 
whole  in  a  separate  volume  when  the  revision  is  complete.'' 

Re  the  Geology. — "In  order  that  the  map  of  the  Coalfield 
should  present  the  structure  as  conspicuously  as  possible,  it 
was  necessary  to  sub-divide  the  great  mass  of  Coal  Measures 


90  HA&K    8TIBRUP,    F.0.8. — REPORT   OF  DKLSaATB        [NoY.,  1898, 

which  had  been  represented  by  one  tint  only  on  the  old  map. 
At  the  eastern  end  of  the  field  it  was  apparent  that  a  suitable 
three-fold  division  of  the  strata  held  good,  the  three  divisions 
not  only  differing  in  their  mineral  contents,  but  presenting 
such  physical  features  as  lent  themselves  to  the  purposes  of 
the  geological  surveyor.  I  wish,  however,"  says  Mr.  Strahan, 
"to  point  out  that  no  correlation  is  intended  with  the  Upper, 
Middle,  and  Lower  Coal  Measures  of  other  fields.  Not  only 
is  it  extremely  improbable  that  any  representatives  of  the 
Upper  Coal  Measures  exist,  but  it  is  an  open  question  how 
much  of  the  Middle  Coal  Measures  are  present  in  South 
Wales." 

The  subdivisions  referred  to  consist  of : — 

1.  An  upper  series  of  shales  and  felspathic  sandstones, 
with  a  few  thin  seams  of  coal  and  ironstone.  The  sandstones 
are  often  indistinguishable  from  Pennant,  but  the  series  is 
softer  on  the  whole,  and  forms  cultivated  land  of  flowing 
contour.  For  its  base,  the  Mynyddislwyn  seam,  a  valuable 
and  constant  house-coal,  served  conveniently. 

2.  The  Pennant  Series,  which  in  Monmouthshire  is  made 
up  almost  wholly  of  hard  current-bedded  highly  felspathic 
grit  with  a  few  thin  and  impersistent  coal  seams.  This 
series  forms  uncultivated  moorlands,  intercepted  by  deep 
valleys  with  rugged  sides.  At  its  base  occurs  the  seam 
variously  known  as  the  Red  Ash,  Tillery,  Brithdir,  or  No.  2 
Rhondda. 

3.  The  Lower  Coal  Series  (Steam  Coal  Series  of  Glamor- 
ganshire), which  consist  principally  of  shales  and  thin  beds 
of  quartz-grit.  This  series  contains  the  thickest  seams  of 
coal,  and  the  bands  or  nodules  of  clay-ironstone  which  were 
formerly  worked  in  South  Wales.  It  crops  out  all  along 
the  margin  of  the  coalfield,  but  is  exposed  only  in  the  deepest 
valleys,  or  along  the  crests  of  the  anticlines  in  the  more 
central  parts. 
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I  must  refer  you  to  the  paper  itself  for  further  detailB  on 
the  Coal  Measures,  and  for  remarks  on  the  great  flexures  and 
faults  which  disturbed  the  district  in  pre-Triassic  times,  as 
well  as  for  information  on  the  other  rock  groups.  A  point 
of  interest  to  glacialists  may  be  noted,  due  to  the  mapping 
of  the  glacial  deposits  at  the  same  time  as  the  solid  geology, 
when  this  important  fact  was  brought  out,  that  South  "Wales 
formed  a  small  independent  centre  of  glaciation,  and  as  Mr. 
Strahan  says  exhibits  phenomena  of  great  interest.  He 
goes  on  to  say  that  ''  the  southern  limit  to  which  the  ice 
reached  is  no  less  clearly  marked  than  its  birthplace,  for  the 
gravels  get  finer  and  thinner,  and  eventually  die  away, 
sometimes  before  reaching  the  shores  of  the  Bristol  Channel." 

The  last  paper  to  which  I  purpose  to  draw  your  attention 
is  one  by  Professor  Hull,  one  of  our  Honorary  Members, 
*'  On  the    Sub-oceanic   Physical    Features    of    the   North 
Atlantic,"  indicating  subsidences  of  the  ocean  floor  on  the 
Atlantic  Sea-board  of  the  British  Islands,  and  southward  off 
the  coasts  of  France  and  Spain.      These  interesting  sub- 
marine depressions,  or  "deeps,"  as  known  to  mariners  are 
indicated  by  the  soundings  marked  on  the  Admiralty  Charts. 
Their  nature  is  explained  as  being  ancient  river  channels, 
some  of  which  are  remarkable  for  their  limited  width  and 
precipitous   I^anks,  similar  in  formation  to  the  well-known 
canons  of  Colorado.     These  physical  features  are  recognised 
as  due  to  sub-aerial  causes,  and  of  only  recent  geological  age, 
so  that  the   British   Islands  must  have  been  submerged, 
probably  in  preglacial  times,  1,000  to  1,500  feet. 

An  American  writer  on  similar  phenomena  on  the  North 
American  coast,  says  that  the  "  vertical  amount  of  preglacial 
elevation  of  North  America  during  late  Tertiary  and  early 
Quaternary  is  shown  to  have  ranged  from  3,000  to  5,000 
feet,  according  to  the  soundings  of  fiords  and  submerged 
valleys  on  our  Atlantic,  Pacific  and  Arctic  Coasts." 
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The  great  interest  whicli  attaches  to  these  explorations  is 
that  they  seem  to  afford  an  explanation  of  the  problem,  the 
"  Cause  of  the  Ice  Age,"  without  having  reference  to  those 
cosmic  or  astronomical  causes  which  have  from  time  to  tune 
been  promulgated.  Professor  Hull  points  out  ^^  how  such  an 
uprising  of  the  lands,  as  described,  must  have  affected  the 
climatal  conditions,  resulting  in  a  general  lowering  of  the 
temperature ;  and,  in  connection  with  the  alteration  in  the 
course  and  temperature  of  the  Gulf  Stream,  must  have 
brought  conditions  over  the  northern  hemisphere  such  as 
those  which  are  inferred  to  have  been  in  force  during  the 
Pleistocene  or  Glacial  period. 

In  submitting  the  above  simimarj'  of  papers  of  geological 
interest  brought  before  Section  C.  at  Bristol,  I  may  have 
missed  much  that  would  have  been  interesting  to  report  to 
the  members,  but  I  have  selected  such  as  I  thought  might 
be  the  most  acceptable  and  appropriate,  without  wearying- 
you  with  a  long  communication. 


On  the  motion  of  Mr.  Saint  a  vote  of  thanks  was  passed 
to  Mr.  Stirrup  for  his  Report. 

Mr.  Dickinson  said :  Mr.  Stirrup  had  omitted  to  mention 
an  important  paper  by  Mr.  T.  Forster  Brown,  a  Mining 
Engineer  of  world-wide  experience,  and  principal  mining 
agent  for  the  Crown  Mines.  His  paper  gives  a  most 
interesting  account  of  the  different  machines  employed  in 
the  getting  of  coal,  and  mentions  how  the  shallow  mines  are 
being  worked  off.  He  expresses  his  belief  that  in  fifty 
years  from  this  time  the  country  will  begin  to  feel  that  its 
best  mines  are  being  exhausted,  and  increased  cost  of  coal 
may  be  expected. 
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The  Ordinary  Meeting  of  the  Members  was  held  on 
Tuesday,  December  13th,  1898,  at  the  Society's  Rooms, 
Queen's  Chambers,  5,  Jolin  Dalton  Street. 

Mr.  Joseph  Dickinson,  F.G.S.  (in  the  absence  of  the 
President),    in    the    Chair. 


NEW  MEMBER. 


Mr.  Levi  J.  Hall,  of  the  CoUieries,  Fumess  Vale,  near 
Stockport,  was  balloted  for  and  duly  elected  a  Member  of 
the  Society. 
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BRITISH    ASSOCIATION    LOAN   COLLECTION  OF 
GEOLOGICAL  PHOTOGRAPHS. 


Mr.  C.  R.   LiNDSEY   brought  before  the  members  the 
Loan  Collection,  of  the  British  Association  Committee  on 
Geological     Photographs.      About     nine    years     ago,     he 
explained,    a   Committee  of  the    British    Association  was 
appointed    to   undertake   the  collection,  preservation,   and 
systematic  registration  of  photographs  of  geological  int-erest 
in  the  United  Kingdom.    Since  its  formation,  the  committeo. 
had    accumidated   about    2,000    photographs,   which   were 
deposited  for  public  inspection  at  the  Jermyn  Street  Museum, 
London ;  and  besides  these  they  had  about  200  duplicates 
which  were  lent  on  loan  to  societies  such  as  theirs.     That 
loan  collection  was  now  before  them  for  inspection,  and  it 
would  remain  in  the  rooms  during  the  rest  of  the  week. 
On  Friday  night,  at  a  special  meeting,  about  a  hundred  of 
the  principal  photographs  would  be  exhibited  by  the  aid  of 
the  lime-light.     He  moved  that  the  thanks  of  the  Society 
be  given  to  the  British  Association  Committee  for  the  loan 
of  their  interesting  photographs,  and  to  Prof.  W.  W.  Watts, 
the  Secretary,  for  his  trouble  in  the  matter.     The  motion 
was  seconded  by  Mr.  Stirrup,  and  passed  imanimously. 
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COAL    FOSSILS    FROM    AGECROFT. 


Mr.  Mark  Stirrup,  F.G.S.,  called  attention  to  some 
specimens  which  he  exhibited  of  Carboniferous  fossils  from 
the  Agecroft  sinking,  and  from  the  roof  of  the  Rams  Mine, 
which  he  got  during  a  visit  to  the  locality  in  October. 
These  were  chiefly  specimens  of  species  of  Calamites  which 
exhibited  the  sheath  and  the  teeth  of  the  sheath,  which 
are  characteristic  of  the  jointed  stems  of  the  EquisetacesD 
of  the  present  day.  On  one  specimen  there  was  also  an 
example  of  Spirorbis  carhonarius.  These  fossils  lay  on  the 
waste  heap  at  the  time  he  was  there,  having  recently  been 
brought  to  bank. 


Dr.  Wheelton  Hind,  F.G.S.,  delivered  the  following 
address  on  "  The  Correlation  of  the  British  and  European 
Carboniferous  Beds." 
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AN    ADDRESS    ON    THE    CORRELATION    OF 

THE    BRITISH    AND    EUROPEAN 

CARBONIFEROUS     BEDS. 

By  Wheelton  Hind,  M.D.,  F.G.S.,  &c. 


Illustrated  by  apeeimem  fratn  the  Cabinets  of  Messrs,  W.  F. 
Holroyd,  F.O.8.,  and  J.  Barnes,  F.G.8.,  8fc, 


During  the  last  two  or  three  years  I  have  published 
several  papers  on  the  subject  of  the  correlation  of  these 
rocks  in  Great  Britain,  and  one  similar  paper  on  their 
correlation  with  those  on  the  Continent.  I  propose  now  to 
give  to  you  the  conclusions  at  which  I  have  arrived,  which 
conclusions  are  not  those  generally  accepted  in  the  text 
books,  but  are  those  to  which  the  officers  of  the  Geological 
Survey  are,  by  a  gradual  process,  coming. 

The  great  difficulty  in  the  correlation  of  British  Carboni- 
ferous rocks  is  due  to  the  fact  that  although  in  one  district 
they  may  exhibit  a  certain  sequence,  in  another  the 
sequence  is  an  entirely  different  one.  I  am  only  going 
to  discuss  the  question  of  the  correlation  of  the  beds 
which  come  below  the  Millstone  Grit;  and  I  would  ask 
you  to  let  me,  first,  describe  the  sequence  of  what  I  may- 
call  a  typical  section  of  the  Midland  district — take  Derby- 
shire or  North  Staffordshire.  There  lies  at  the  bottom  of 
the  Carboniferous  beds  a  great  mass  of  Mountain  Lime- 
stone which  has  never  yet  been  bottomed.  There  are 
some  2,000  ft.  or  3,000  ft.— all  limestone.  I  do  not  think 
so  much  has  ever  been  measured,  or  exposed,  because 
I  think  the  re-survey  will  demonstrate  the  fact  that  there 
are   a   number   of    foldings   in   Derbyshire,    and   that   we 
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nerer  get  quite  as  much  as  that;  but  suffice  it  to  say 
there  is  a  thick  mass  of  undivided  limestone  which  forms 
the  hase  of  the  Carboniferous  Series  of  Derbyshire.  Above 
the  limestone  there  are  two  or  three  thousand  feet  of  black 
Mes.  The  curious  thing  is  that  the  fossils  and  lithology 
of  those  black  shales  are  so  essentially  different  from  those 
of  the  Mountain  Limestone.  They  form  different  series. 
They  have  been  mapped  as  the  Yoredale  series,  but  I  think 
that  is  a  mistake,  as  you  will  agree  with  me  when  we 
examine  the  paheontological  character  of  the  beds  which 
are  found  in  Yoredale,  and  which  are  to  be  taken  as  the  type. 

I  want  you  to  remember  that  between  the  Millstone  Grits 

of  the  Midlands,  including  Derbyshire,  and  the  main  mass 

of  the  Mountain  Limestone  there  is  a  very  thick  mass  of 

black  shales,  with  thin  curious  seams  of  limestone,  a  sample 

of  which  I  have  here.     You  will  all  recognise  that  there  is 

nothing  in  character  common  to  this   limestone  and   the 

Mountain  Limestone  of  Derbyshire.    These  beds  of  limestone 

are  sometimes  30ft.  or  40ft.  in  thickness,  and  may  consist 

of   two   beds    or    series   separated   by   200  ft.    of    shales, 

and  these   come    200  ft.    or    300  ft.    above   the   Mountain 

Limestone  of  Derbyshire.      They   can   be  traced   through 

North  Staffordshire,    Derbyshire,    and    Yorkshire    as    far 

as  Pendle  Hill,  where  they  form  what  is  locally  called  the 

Pendle-side  Limestone  by   the   Geological  Survey.      This 

latter  is  an  exceedingly   pure  limestone,    and  fossils  are 

rare  in  it.    Those  found*  are  characteristic  of  the  shales,  and 

resemble  those   that    Messrs.    Barnes   and    Ilolroyd    have 

brought  before  this  Society  from  a  similar  horizon  at  Pule 

Hill,  near  Marsden.      The  Goniatites  have  generally  their 

<^^tie8  filled  with  some  petroleum  or  mineral  oil.      This 

^^  is  exceedingly  characteristic  of  that  horizon,  and  will 

^  iiseful  as  a  datum  line  for  the  re-survey  of  the  district. 

It  is  somewhat  thicker  at  Pendle  than  it  is  in  Staffordshire. 
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Passing  northwards  to  the  typical  sections  in  the  dales  of 
Yorkshire  we  come  to  Ingleborough ;  and  at  Ingleborough  we 
have  a  very  curious  sequence.  The  Thornton  Force  section 
shows  at  the  base  a  bed  of  conglomerate,  with  quartz  pebbles 
and  a  few  Carboniferous  Corals  (with  some  Carboniferous 
Limestone  pebbles  too),  resting  on  the  up- turned  edges 
of  the  Silurian  rocks.  Above  this  is  the  Great  Scar 
Limestone,  which  is  about  600ft.  thick.  Then,  ascending 
Ingleborough,  the  following  series  of  rocks  is  seen  : — First, 
a  series  of  shales  and  sandstones ;  then  a  bod  of  limestone, 
30ft.  to  40ft.  thick,  the  Hardraw  Scar  Limestone;  above 
this  another  scries  of  shales  and  sandstones,  and  then 
another  bed  of  limestone  called  the  Simonside  Limestone. 
After  that  again  another  series  of  shales  and  sandstones ; 
then  what  is  known  as  the  Middle  Limestone,  and  another 
series  of  shales  and  sandstones ;  and  above  all  these  comes 
the  Main  Limestone.  These  limestones  all  stand  out  as 
white  bands  on  the  scarp  of  Ingleborough.  Then  there 
are  120  feet  of  shales,  and  Millstone  Grit  at  the  summit. 
This  is  called  the  40  fathom  grit. 

We  have  here  a  totally  different  sequence  from  what  we 
have  in  Derbyshire.  Instead  of  having  a  great  mass  of 
limestone  at  the  bottom,  we  have  only  GOO  feet  left ;  this 
can  be  measured  perfectly.  There  is  a  conglomerate  at 
the  bottom,  resting  on  the  up- turned  Silurians,  so  that  we 
have  there  the  whole  sequence  of  the  mass  of  beds  that  is 
left.  All  those  other  beds,  in  wtich  occur  four  definite 
limestones  on  Ingleborough,  containing  characteristic  Car- 
boniferous Mountain  Limestone  fossils,  separated  by  beds  of 
sandstone  and  shales,  occur  20  miles  further  North  in 
Wensleydale  or  Yoredale.  But  here  there  is  not  quite  such 
a  simple  condition  as  at  Ingleborough,  for  there  are  some 
new  limestones  intercalated,  the  Underset  Limestone  and 
other  thin  beds,  coming  in  there. 
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The  whole  of  this  series  at  the  top  of  Ingleborough  is 
about  900ft. ;  the  part  below  is  600ft. ;  making  1500ft.  of 
beds  altogether,  which  represent  the  whole  Carboniferous 
Series  beneath  the  Alillstone  Grit. 

But  in  Derbyshire  there  are  two  or  three  thousand  feet  of 
what  are  called  Yoredale  Shales,  with  the  peculiar  limestone 
mentioned  above,  and  another  two  or  three  thousand  feet  of 
Mountain  Limestone.  The  great  point  is  the  remarkable  way 
in  which  the  Great  Scar  Limestone,  which  is  supposed  to 
represent — ^though  I  do  not  believe  it  for  a  moment — ^the 
mass  of  the  limestone  in  Derbyshire,  has  dwindled  to  600ft 

Now,  if  instead  of   going  to  Ingleborough  we  went  up 
Wharf edale  and  examined  the  flanks  of  Great  Whernside  we 
should  find  there  is  nothing  between  the  Simonside  Limestone 
and  the  Great  Scar  Limestone.      The  Hardraw  Scar  Lime- 
stone is  absent ;  farther  south  other  beds  are  absent,  and  the 
Main  Limestone  is  very  thin.     Therefore  if  we  take  a  more 
easterly  direction  and  go  along  Wharfedale  we  find,  that,  as 
Phillips  laid  down  long  ago,  as  the   Mountain   Limestone 
passes  north  it  splits  up,  the  upper  beds  being  separated 
from  the  lower  by  bands  of  shales  and  sandstones  which 
thicken  as  they  pass  north.     That  is  to  say  the  upper  part 
of    the    Carboniferous    Limestone    becomes    separated    by 
intercalations  of  sandstones  and  shales.     It  is  to  this  series 
of  separated  beds  of  limestone  which  occur  in  Wensleydale 
(or  Yoredale)  that  the  name  of  the  Yoredale  Series  has  been 
applied.     Well,  if  that  be  the  fact,  if  the  Yoredale  series  be 
nothing  but  a  splitting  up  of  the  Carboniferous  Limestone  of 
Derbyshire,  the  Yoredales  are  not  aboie  the  limestones  in 
Derbyshire,  and  the  black  shales  we  have  there  are  a  totally 
different  series  to  the  typical  Yoredale  series,  and  do  not 
belong  to  this  series  at  all,  and  really  belong  to  a  much 
higher  horizon. 
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This  18  one  of  the  points  I  am  anxious  to  prove,  namely, 
that  the  series  mapped  in  Derbyshire  as  the  "  Yoredales  " 
have  nothing  whatever  to  do  with  the  Yoredale  rocks  of 
Wensleydale. 

The  Yoredale  rocks  of  Wensleydale  are  a  series  of  lime- 
stones and  shales,  and  if  anyone  familiar  Tidth  the  Derby- 
shire limestone  went  into  a  quarry  anywhere  in  that  district 
he  would  at  once  say  "  this  is  the  limestone  of  Derbyshire." 

These  beds,  still  going  north,  split  up,  and  the  Great  Scar 
Limestone  at  the  bottom  becomes  thinner  and  thinner.  At 
Melmerby  Scar,  east  of  Penrith,  and  west  of  Alston  Moor, 
there  is  a  totally  different  series  from  that  which  obtains  in 
Wensleydale.  At  the  bottom  is  a  bed  of  conglomerate, 
which  instead  of  being  6ft.  or  8ft.  thick,  as  at  Thornton 
Force,  is  now  200ft.  thick.  It  is  a  conglomerate  with  beds 
of  sandstones  and  shales,  and  a  few  thin  limestones ;  then 
comes  the  Melmerby  Limestone',  which  is  only  200ft.,  broken 
up  into  various  beds ;  then  beds  of  sandstones  and  shales, 
and  a  series  of  limestones  coming  on  for  another  200  ft. ;  so 
the  600  ft.  of  the  Great  Scar  Limestone  is  broken  up  into 
400  ft  of  limestones  and  shale,  the  main  mass  of  limestone  at 
the  bottom  being  left  as  only  200  ft.  Thus,  where  we  started 
with  2,000ft.  or  3,000ft.  in  Derbyshire  and  South  York- 
shire— at  CKtheroe  the  main  mass  is  not  divided — in 
Wharf edale,  we  have  it  900  ft.;  at  Ingleborough,  600  ft.; 
in  Wensleydale,  500  ft.  ;  and  at  Melmerby,  it  is  only 
200  ft. ;  and  we  have  at  the  top  of  this  the  Alston  Moor 
series  of  limestones,  which  are  the  same  limestones  which 
we  have  elsewhere,  only  they  have  a  different  series  of 
names,  and  there  are  a  few  more  of  them,  because  they 
become  thinner  and  split  up  into  beds. 

This  series  is  very  easilj^  observed  because  the  country  in 
north-west  Yorkshire  has  hardly  been  faulted  at  all.      The 
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coTintn-  is  a  table-land,  with  a  series  of  deep  parallel  valleys, 
and  both  sides  of  these  yalleys  are  alike  ;  the  scarps  of  the 
limestones  have  been  worked  back,  and  the  streams,  where 
there  are  streams,  fall  over  these  scarps,  giving  to  Wensley- 
dale  its  title  of  "the  dale  of  a  hundred  waterfalls."  Where 
these  limestones  have  different  names,  they  can  be  traced 
from  one  dale  to  another.  Wensleydale  is  divided  from 
Swaledale  by  a  very  steep  hill  or  divide,  the  valleys  are 
parallel,  and  the  same  rocks  appear  in  the  neighbouring 
valleys. 

This  condition  of  things  goes  on  from  Wensleydale  to 
the  south  of  Northumberland ;  there  are  few  valleys,  and, 
standing  on  one  hill,  all  the  other  hills  are  seen  to  be  about 
the  same  level,  and  all  are  capped  with  Millstone  Grit.  The 
lines  of  the  other  limestones  can  be  traced  as  features  which 
form  a  series  of  steps  all  the  way  do\ni. 

Further  north  still,  in  Northumberland,  there  is  no  mass 
of  limestone  which  can  be  called  the  Great  Scar  Limestone, 
or  which  can  be  called  the  representative  of  the  Carboni- 
ferous Limestone  of  Derbyshire,  because  it  is  all  split  up 
into  various  beds.  There  is  no  limestone  thicker  than  30  ft. 
or  40  ft.  The  whole  of  these  limestones — and  there  are 
from  16  to  20  of  them — are  named,  and  they  are  all  worked 
and  quarried  in  different  localities  in  the  north  of  Northimi- 
berland.  They  are  separated  by  various  thicknesses  of 
sandstones  and  shales.  There  is  therefore  nothing  in 
Northumberland  similar  to  the  Carboniferous  sequence  as 
kno^^  in  Derbyshire.  And,  curiously  enough,  in  these 
shales  are  beds  of  coal,  the  chief  coal-bearing  strata  of  the 
north  of  Northumberland  being  here,  and  not  in  the  Upper 
Coal  Measures,  which  only  exist  in  the  south  of  the  county. 
Intercalated  with  these  shales  are  found,  besides  coal,  beds 
of  ironstone,  and  it  is  in  the  lower  sequence  of  these  beds — 

Sx 


m6j?'*  •••      •  •  ••••DR.'lW'HEELTON   HIND,    F.O.8.,    ON  [DcC,   1898, 

the  Melmcrby  Scar  series — that  the  coal  is  worked  in  the 
north  of  Northumberland. 

But,  still  further  north,  in  Scotland,  the  Carboniferous 
sequence  is  well  understood,  and  in  the  neighbourhood  of 
Glasgow,  at  the  bottom  of  the  Coal  Pleasures,  are  some 
beds  of  sandstone  which  are  called  "Millstone  Grit/* 
because  they  occur  in  this  position.  Below  this  are 
three  principal  beds  of  limestone,  the  lowest  of  which 
is  called  the  Index  Limestone.  It  is  imix)rtant,  because  tin* 
main  coals  and  the  Black-band  ironstones  lie  underneath  it, 
in  Lanarkshire.  The  highest  bed  is  called  the  Linnspout 
liimestone ;  and  both  beds  have  various  other  names  in 
different  localities,  and  I  can  assure  you,  if  you  looked 
at  the  ironstones  and  the  fossils  they  contain  you  would 
think  you  were  in  the  Upi)er  Coal  Pleasures  of  some  of  the 
midland  counties  of  England.  The  fossils,  too,  are  identical, 
though  lying  beneath  the  Marine  series.  Beneath  thes<^ 
black-band  ironstones  and  coals  are  another  series  of  lime- 
stones, and  below  these  there  is  met  with  a  very  great 
thickness  of  rock  which  belongs  to  the  Calciferous  Sand- 
stone series.  They  are  called  the  Beith  Limestones,  and  are 
totally  different  from  what  are  found  in  the  greater  part  of 
England,  or  in  Ireland. 

I  have  now  given  types  of  the  different  series  of 
Carboniferous  rocks  as  we  find  them  in  Great  Britain.  If 
we  go  to  Ireland  we  find  very  much  like  what  we  see  in 
central  England.  There  is  a  great  mass  of  limestone  divided 
in  places  by  bands  of  shale ;  but  beyond  that  is  a  series  of 
black  shales  which  contain  fossils  similar  to  those  jit 
Marsden ;  and  at  the  top  of  that  the  Irish  Coal  Measurt\s. 
In  the  Ballycastle  coalfield,  in  the  north  of  Antrim,  the 
same  type  of  things  is  to  be  seen  which  occurs  in  tlic 
Ayrshire  and  Lanarkshire  coalfields;  the  marine  bands 
being  low  down,  with  the  coals  in  them. 


Vol.  XXvi.]      THE   CORRELATION   OP   THE   CARBONIFEKOUS    BEDS.         103 

If  my  point,  that  the  black  shales  of  central  England  are 
not  €M^uivaIent  to  the  Yoredale  series,  is  correct,  what  are 
they  ?  That  is  a  question  which  can  only  be  answered  by 
an  appeal  to  Palseontology ;  and,  as  I  am  going  to  appeal  to 
Palax)ntology  to  clinch  the  stratigraphical  argument  which 
I  place  before  you,  I  will  take  it  a  little  later  on.  Let  me 
just  indicate  the  Palaeontology  of  the  subject.  When  we 
examine  the  beds  of  limestone  which  occur  in  the  Upper  and 
Lnwer  Carboniferous  series  of  Scotland,  we  find  a  number  of 
marine  fossils — Productus,  Spiri/er,  corals,  &c., — ^just  the 
same  sort  of  things  that  occur  so  frequently  in  the 
Carboniferous  Limestone ;  but  we  find  many  others  which  do 
not  occur  there.  We  find  those  shells  which  would  be 
expected  to  be  met  with  in  rather  shallower  and  brackish 
waters  in  sub-littoral  situations.  There  are  species  of  Nucula 
and  Nuculimij  shells  w^hich  we  find  in  estuarine  basins; 
they  inhabit  mud  rather  than  the  clear  sea  of  the  limestone. 
S<>  we  are  brought  to  the  conclusion,  which  is  a  fact 
undeniable,  that  while  these  bods  were  being  deposited,  that 
part  of  Britiiin  was  much  nearer  to  the  land  than  was  the 
Carboniferous  Limestone  of  Derbyshire  for  the  greater  part 
of  the  time  during  which  the  mass  of  it  was  deposited. 
That  it  possesses  so  many  littoral  forms  is  largely  in 
favour  of  that  view. 

In  the  Beith  Limestones  we  have  similar  conditions,  not, 
as  in  Derbyshire,  one  long  sequence  of  deposit,  in  a  sea  of 
fairly  uniform  depth,  and  where  the  animals  could  go  on 
liring  uninterruptedly,  but  a  continual  change  of  conditions, 
and  a  continual  change  of  level.  When  the  muds  were 
brought  down  by  rivers, — by  floods  or  by  change  of  level, — 
these  animals  died  out,  and  we  find  a  totally  different  fauna 
in  the  shales  from  what  we  have  in  the  limestones.  In  the 
limestones  we  have  comparatively  the  same  fauna  as  in  the 
limestones  of  Derbyshire  ;    in  the  shales  between,  we  have 
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a  distinctly  marine  fauna,  as  the  animals  were  again  those 
which  liked  shallow  water  and  would  live  in  the  muds.  In 
the  Middle  Carboniferous  series  of  Scotland,  there  is  a 
condition  of  things  totally  different,  marine  life  stopped 
altogether  while  the  whole  of  the  lower  coal  and  ironstones 
were  being  deposited,  and  these  ironstones  are  closely  like 
those  found  in  our  Upper  Coal  Pleasures  in  England. 

I  attribute  very  great  importance  to  the  fact  that  all  these 
limestones,  and  those  of  the  Yoredale  series  of  Wensleydale, 
and  also  those  at  Alston  Moor,  all  contain  right  up  to  the  top, 
corals,  ProductuSy  Spinfer,  and  the  other  fossils  which  arc 
found  in  the  Mountain  Limestone,  and  these  not  dwarfed  but 
very  well  grown  indeed,  as  is  well  illustrated  by  this 
large  Lithoatrotion  which  came  from  the  ilain  Lime- 
stone at  Alston  ]Moor.  This  limestone  contains  also  very 
large  Cephalopods.  I  measured  an  Orthoceras  three  feet 
long,  and  the  base  could  not  have  been  less  than  four  or  five 
inches  across;  so  it  shows  there  was  no  dwarfing  of  the 
species  in  these  upper  limestone  beds  at  all.  In  AVensley- 
dale  the  fauna  does  not  change  until  we  pass  from  the  top 
limestone  to  the  Millstone  Grit.  All  the  other  limestones 
below  the  Millstone  Grit  contain  the  same  species,  one  and 
all ;  there  is  no  essential  difference  in  their  pala)ontologieal 
contents.  Now,  it  is  an  axiom  in  Geology,  that  beds  which 
have  the  same  fauna  should  not  be  subdivided  into  main 
divisions;  but  here  we  have  the  Carboniferous  System 
divided  into  two  main  divisions — the  Carboniferous  Limestone 
and  the  Yoredale  series  which  contain  an  identical  fauna. 
I  am  not  aware  of  any  one  shell  which  is  contained  in  the 
Yoredale  series  of  north  Yorkshire  which  is  not  also  con- 
tained in  the  Carboniferous  limestone  series  of  Derbyshire. 
There  is  no  evidence  whatever  to  di\-ide  them  on  paloDon- 
tological  lines ;  the  fossil  contents  of  the  two  series  are 
identical. 
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We  find  there  is  a  remarkable  break  in  the  fauna  directly 
the  top  of  the  limestone  is  reached.  The  limestone  fossils 
fail,  and  we  get  a  series  of  fossils  characterised  by  certain 
species  of  which  I  asked  Messrs.  Barnes  and  Holroyd  to 
bring  specimens  this  afternoon — Goniatites  (O.  carbonarius 
and  G.  Listen)  Avicuhpecten  papyraceuSy  and  Posidoniella 
h^vis — from  the  Coal  Measures  of  Halifax,  and  which 
occur  equally  in  the  black  shales  and  throughout  that  series 
of  beds  which  have  been  called  Yoredale,  in  South  Yorkshire 
and  Derbyshire — not  so  well  grown,  but  still  the  same 
species — ^and  this  peculiar  fauna,  occurring  in  the  shales  of 
Marsden,  amongst  other  localities,  passes  up  into  the  Mill- 
stone Grrit  series.  It  therefore  afibrds  strong  evidence  of 
the  true  position  of  these  shales,  which  have  always  been 
called  "  Y^oredales." 

From  the  palajontological  point  of  Aiew  these  shales  have 
an  identical  fauna  with  the  marine  fauna  of  the  Millstone 
Grit  and  Gannister  series.  The  series  was  deposited  under 
two  totally  different  conditions — under  fresh  water  and 
marine  conditions — ^and  therefore  we  find  two  different 
faunas;  but  the  marine  fauna  keeps  occurring  again  and 
again  right  up  into  the  Third  Grit,  and  also  into  the  Gannister 
or  Lower  Coal  Measures. 

There  is  a  verj'  marked  horizon  of  marine  fauna  under- 
neath the  Third  Grit,  from  which  I  have  collected  a  great 
number  of  fossils  in  various  places.  ^Ve  find  them  in 
Cheshire,  at  Congleton  Edge,  and  aLso  at  Pule  Hill  and 
at  Marsden.  The  latter  fact  is  mentioned  in  papers  contri- 
buted to  this  Society  by  Messrs.  Barnes  and  Holroyd.  Last 
year  I  had  the  opportunity,  through  a  grant  of  the  British 
Association,  of  examining  a  series  of  fossiliferous  beds 
exposed  in  making  a  reservoir,  near  Leeds.  The  same 
marine    deposit    was    cut    into.       But    as    we    trace   this 
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series  of  beds  north  it  seems  to  be  like  a  lozenge,  Iwcause 
although  in  North  Staffordshire  we  get  about  2000  feet, 
very  soon  north  of  Pendle  Hill  it  passes  up  again  and 
wedges  out  altogether,  and  we  can  only  trace  about  120  feet 
of  it  when  we  get  into  north  Yorkshire.  Pendle  Hill  seems 
to  have  been  the  place  of  largest  development.  AvicuJopecivn 
papymceufi  occurs  throughout  the  whole  of  this  series  in  tlie 
marine  beds,  and  goes  up  into  the  Gannister  series  of  the 
Lower  Coal  Measures.  ^\Tiy,  because  we  have  a  series 
of  sandstones,  or  grits,  make  a  break  when  there  is  no  real 
paheontological  break?  There  is  no  real  palajontological 
break,  because  we  cannot  draw  any  true  line  between  the 
Millstone  Grits  and  the  grits  in  the  Yoredale  series.  It 
(mly  means  that  the  whole  thing  has  been  badly  divided, 
and  that  the  Millstone  Grit  series  should  go  down  to  the 
bottom  till  it  rests  on  the  Carboniferous  Limestone  series. 
My  own  belief  is  that  here  we  have  been  utterly  wrong  in 
calling  the  series  of  black  shales  and  the  thin  blue  lieaAy 
limestone  which  intervenes  between  the  Millstone  Grits  and 
the  Carboniferous  Limestone  **  Yoredales.''  They  have  not 
the  lithological  characteristics  nor  the  fauna  of  the  typical 
Yoredale  series,  nor  are  they  on  the  same  horizon,  because* 
they  are  altogether  above  the  Yoredale  series. 

I  now  pass  on  to  the  second  part  of  my  subject.  It  is 
difficult  to  have  to  compress  the  whole  of  the  Geology 
of  the  Carboniferous  System  of  Eurojje  into  short  spac(% 
but  I  must  give  a  sketch  of  what  can  be  made  out  of 
the  correlation  of  the  British  Carboniferous  rocks  with  the 
same  series  on  the  Continent.  There  are  two  well-known 
series  in  Europe,  the  Russian  and  the  Belgian ;  both  are 
very  distinct.  In  company  with  your  late  President, 
Mr.  Stirrup,  I  visited  last  year  some  sections  of  the* 
Carboniferous  Limestone  series  of  Russia,  and  I  was  struck 
with  the  great   difference    this   series  presents  from  what 
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obtains  in  Great  Britain.  On  entering  a  Russian  Car- 
boniferous Limestone  quarry  one  is  struck  by  its  api)earanee ; 
it  looks  white  like  a  chalk  quarrj'.  The  Russian  beds  arc 
very  little  disturbed  indeed.  They  are  nearly  all  horizontal, 
well  bedded,  perfectly  white,  and  coritain  bands  of  flints 
which  look  like  Chalk  Flints.  These  flints  are  yellowish  red 
and  variegated.  But  for  the  simple  fact  that  these  Car- 
boniferous Limestone  flints  contain  Carboniferous  liimestone 
fossils,  I  would  not  undertake  to  say,  if  shown  one,  whether 
it  was  from  the  Carboniferous  Limestone  or  from  the  Chalk. 
They  do  not  seem  to  have  in  Russia  any  Upi)er  Coal  Measures 
at  all,  nor  any  representatives  of  our  Millstone  Grit  series. 
The  Russian  palaH)ntologists  divide  their  Carboniferous  Series 
into  a  three-fold  division,  which  they  maintain  is  hard  and 
fast.  There  is  the  upper  division,  characterised  by  Pro- 
ductufi  com  and  Spirifer  fasciger.  With  regard  to  the  latter 
British  palaeontologists  say  it  is  simply  &'.  dupUcicoHia,  which 
we  find  in  the  Mountain  Limestone  of  Great  Britain.  Both 
the  upper  and  middle  lx>ds  are  characterised  by  a  series  ot 
or^nisms  that  we  do  not  find  in  our  Carboniferous  Limestone. 
The  specimen  which  I  will  pass  round  is  made  up  of  a  mass 
of  small  organisms,  Fmulina  and  others,  which  we  do  not 
seem  to  get  in  England  at  all.  In  the  valley  of  the  Don 
sometimes  beds  of  coal  occur — plant  beds  such  as  we  have  in 
our  own  Coal  Measures — and  then  marine  beds  with 
characteristic  Mountain  Limestone  fossils.  The  limestones 
do  not  form  one  mass.  Then  there  is  a  fairly  compact 
series  roimd  Moscow,  characterised  by  Spirifer  mosquemia. 
Although  this  species  has  been  recorded  as  occurring 
in  England,  I  am  certain  it  is  not  found  here  at  all — 
the  one  figured  sjjecimen  bearing  that  name  has  been 
lost  or  mislaid,  and  having  carefully  examined  all  the  other 
quoted  specimens  I  can  say  that  I  have  never  seen  the 
species  from  Great  Britain.     If  any  one  discovers  Spirifer 
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mosquenais  in  Britain  it  will  be  a  great  diecovery.  These 
beds  also  contain  Fusulhia  and  other  small  things.  Then  at 
the  base  there  is  another  series  which  in  the  Ural  mountains 
contains  coal ;  this  is  characterised  by  Productm  giganteus. 
That  is  a  characteristic  British  species;  and  I  want  to 
lay  great  stress  on  this  fact,  that  in  Russia  Productus 
gigantem  does  not  occur  in  that  part  of  the  limestone 
where  Spirifer  mosqaemis  occui's;  and  Spirifer  mosquensia 
does  not  occur  where  Productus  com  occurs.  If  the 
Russian  pala>ontologists  are  absolutely  correct  in  this 
three-fold  division,  then  the  Carboniferous  Series  of 
England  cannot  be  divided  in  this  sense,  because  Pivducius 
giganteus  occurs  from  the  base  of  the  Carboniferous 
Limestone  up  to  the  topmost  limestone  of  the  Yoredale  series 
of  Wensleydale ;  in  fact  one  of  the  top  limestones  is  called 
the  ** cockle  limestone";  and  in  a  part  of  that  marvellous 
beach-bed  described  by  Messrs  Barnes  and  Holroyd,  where 
that  bed  occurs  at  Waterhouses,  in  Staffordshire,  there  are 
hundi*eds  of  Productm  giganteus,  showing  that  in  England 
this  species  occurs  from  the  bottom  to  the  top  of  the  Car- 
boniferous Limestone.  Now  Spirifer  tnosquensis  does  not 
seem  to  occur  in  Western  Europe  at  all.  It  has  been 
figured  from  the  Belgian  beds,  but  Professor  De  Koninck 
has  unsaid  all  he  did  say  on  that  subject.  I  perfectly  agree 
with  him  that  the  things  he  mistook  for  Spirifer  mosquemis 
were  something  altogether  different;  and  that  Spinfer 
mosquenais  has  not  been  known  to  occur  in  Belgium.  But 
in  Russia  there  are  two  genera  of  Brachiopoda  which  do  not 
occur  in  Britain,  but  which  do  occur  in  the  Himalayas  and 
also  in  America — Ententes  and  Meekella, 

The  Belgian  geologists  are  not  quite  all  of  them  agreed 
as  to  what  is  the  real  sequence  of  the  Carboniferous  rocks  in 
Belgium.  Professor  Dupont,  of  the  Brussels  Museimi,  and 
the  late  Professor  De  Koninck  thought  there  was  a  three- 
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fold  division  also  occurring  in  Belgium — tlie  Visean,  the 
Waulsortian,  and  the  Toumaisian. 

The  TTpper  or  Vis^  division  was  characterised  by  Pro- 
ductus  giganteus,  which  we  see  is  the  opposite  to  that  which 
occurs  in  Russia.  The  lowest  Russian  division  was  supposed 
to  be  characterised  by  Produetus  giganfetis ;  the  uppermost 
division  in  Belgium  there  is  no  doubt  at  all  is  characterised 
by  that  species.  The  second  division  is  denied  by  the 
Greological  Survey  of  Belgium.  They  say  the  division  of 
Waulsort  is  only  the  local  facies  of  the  division  of  Vis^. 
But  in  the  division  of  Toumay  Produetus  giganteiis  does  not 
occur,  whilst  Spirifer  cinctus  and  others  do. 

Now  can  we  divide  our  Carboniferous  Limestone  into  this 
three-fold  division  ?  I  say  No,  we  cannot ;  because  if  we 
take  the  fauna  as  found  at  Toumay  and  the  fauna  at  Vis^, 
and  compare  them,  we  find  the  majority  of  the  species  which 
occur  at  Toumay  occur  all  through  the  Carboniferous  series 
of  England.  So,  granted  the  Belgian  geologists  arc  correct 
in  stating  that  Produetus  giganteus  had  a  very  limited 
existence  in  their  area  only  towards  the  upper  or  terminal 
portion  of  the  deposit  of  the  Belgian  Carboniferous  liimestone, 
that  shell  was  in  existence  during  the  whole  of  the  deposit 
of  the  British  Carboniferous  Limestone ;  and  there  may 
have  been  an  extension  later  on  towards  Belgium,  from 
England,  of  this  sea,  and  therefore  that  this  animal  was  able 
to  migrate  and  live  there  only  during  the  later  portion. 
But  the  curious  point  is  this,  that  nearly  all  the  other 
fossils  associated  with  those  found  at  Toumay,  Vise,  and 
Waulsort  occur  together  at  Dovedale,  Castleton,  and  in  the 
Carboniferous  deposits  generally  of  Derbyshire. 

ThLs  is  not  satisfactory,  as  far  as  we  are  concerned, 
because  it  shows  that  we  are  not  able  to  work  on  the  same 
lines  as  they  do  on  the  Continent.     What  we  do  find  to 
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occur  in  Great  Britain  is  this :  in  the  whole  of  the  beds  of 
what  are  called  the  Yoredale  series  in  north  Yorkshire,  and 
in  the  Carboniferous  Umestone,  the  characteristic  fossil  is 
Product  us  giganteus.  In  the  beds  below  (the  Calciferous 
Sandstones)  this  fossil  is  not  found  at  all.  We  never  find  it 
below  the  Limestone  Series,  but  we  find  some  j^eculiar  fossils, 
one  of  which  is  ModioJa  Macadamii.  This  has  been  said  to 
occur  in  the  Coal  Measures  of  Dewsbury,  I  think  on  Mr. 
Binney's  authority.  Xow  the  true  Modiohi  Macadamii  is 
totally  difPerent  from  the  shell  which  occurs  at  Dewsbury. 
The  shell  there  is  Anthracomya  Phillipsii.  Modiohi  Macadamii, 
discovered  first  in  the  north  of  Ireland,  is  never  found  above 
the  top  of  the  Calciferous  Sandstone  series. 

Then  there  is  a  zone  in  which  occurs  Productus  giganteus, 
and  that  goes  right  through  the  limestone  of  Derbyshire  and 
the  Yoredale  beds  of  Wensleydale  ;  and  after  that  there  is 
another  zone,  the  zone  of  Avivulopecten  papyraceus^  and 
those  big  Goniatitcs — Gastrioceras  carhonarim — occur  near 
the  base  aud  go  right  up  into  the  Ganiiister  series.  Then 
i'ome  the  Coal  Measures,  characterised  by  Carbonicofa 
aquilina,  and  at  the  top  of  this  the  Upper  Coal  Pleasures  or 
the  red  beds,  sometimes  mapped  as  Permian,  in  which  is 
found  Anthracomya  PhiUipsii, 

Now  those  are  the  zones  we  find  in  Great  Britain.  They 
are  to  be  found  in  Ireland,  and  in  Scotland,  no  matter  how 
the  beds  are  sub-divided  ;  so  that  we  have  in  this  country  a 
long  period  during  which  Productus  giganieus  lived — much 
longer  than  the  period  in  which  it  lived  in  Belgimn  or  in 
Russia.  All  these  points  will  help,  no  doubt,  in  the  future, 
in  establishing  the  physiography  of  the  Carboniferous 
period.  It  is  no  use  trying  to  establish  it  in  England  alone. 
We  want  to  know  what  was  going  on  in  Belgium  and  in 
Russia  while  the  beds  were  being  laid  down  here.     We  are 


Vol.  XXVi.]      THE   CORRELATION   OF   THE   CARBONIFEROUS   BEDS.       HI 

learning  this  little  by  little,  and  beginning  to  find  some 
indications  of  what  has  happened.  We  find  a  very  much 
longer  period  existed  in  England  while  Productun  giganteuH 
lived  than  while  it  lived  in  Russia  and  Belgium.  Now  we 
know  this,  too,  that  in  England  our  Carboniferous  Limestone 
series  is  not  a  pure  limestone  series,  because  we  have  so 
much  sand  and  shale  intercalated  with  it  in  some  places. 
What  does  that  mean  ?  Limestone  is  purely  an  organic  pro- 
duct— a  product  of  animal  life  ;  the  sandstones  and  shales  are 
detrital  products,  the  result  of  a  wearing  down  of  the  earth. 
It  means  that  we  were  nearer  some  land,  or  nearer  the  toj) 
of  the  sea  when  we  had  these  beds  laid  down,  than  when  wt* 
had  the  Cacboniferous  Limestone  laid  down. 

We  come,  then,  to  this  conclusion,  that  we  were,  in 
Scotland  and  the  north  of  England,  on  the  very  edge  of  the 
Carboniferous  sea  which  was  laying  down  this  material ;  and 
I  doubt,  if  we  went  far  north-west  of  Great  Britain,  if  wo 
should  get  any  of  the  Carboniferous  series  at  all. 

The  same  sort  of  thing  is  seen  in  Devonshire,  although 
there  I  am  at  variance  with  many  geologists.  I  believe  the 
black  beds  in  the  north  of  Devonshire  were  also  laid  down 
near  to  the  shore.  So,  little  by  little,  I  hope  we  shall  be 
able,  in  a  short  time,  to  break  up  this  big  zone  of  Producfus 
giganteus,  and  to  strike  a  line  which  (and  I  have  nearly 
sufficient  evidence  to  do  it)  will  come  right  through  th(» 
middle  of  the  Yoredale  beds  and  through  the  Carboniferous 
Ijimestone  of  Derbyshire.  I  have  traced  one  big  shell  down 
nearly  the  whole  wa3\  Its  life  historj'  seems  to  be  limited 
to  a  few  feet  of  limestone,  and  I  am  bringing  it  down  each 
month  further  and  further  south.  It  was  only  last  year  I 
was  able  to  bring  it  down  from  Scotland  into  Yorkshire. 
This  year  I  have  been  able  to  trace  it  to  the  Isle  of  Man 
and  to  North  Wales,  and  last  week  I  got  a  specimen  from 
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Derbyshire,  which  I  think  will  enable  us  to  draw  a  verj' 
good  datum  or  zonal  line  through  the  middle  of  this  series ; 
and  we  shall  find  that  the  proper  way  of  describing  our 
Carboniferous  series  will  be  like  this  : — 

Coal  Measures. 


Uppkr   Division.     ^    ^^^^^^^^  ^^^ 

Lower  Divisiox. — Carboniferous  Limestone. 

From  Derbyshire,  as  we  go  north,  the  limestone  splits  up  ; 
the  Great  Scar  Limestone  only  represents  part  of  the  Car- 
boniferous Limestone  of  Derbyshire,  but  the  Great  Scar 
Limestone  plus  the  Yoredale  series  of  Wensleydale  does 
represent  the  Carboniferous  Limestone  of  Derbyshire.  This 
forms  the  lower  di^-ision,  to  which  must  be  added  the  Calci- 
ferous  Sandstone  series  of  the  North. 


Mr.  Barnes  proposed  a  vote  of  thanks  to  Dr.  Wheelton 
Hind  for  his  very  interesting  address,  with  the  greater  part 
of  which  he  was  practically  in  agreement. 

Mr.  Mark  Stirrup  seconded  the  motion. 

Mr.  HoLROYi) :  I  am  extremely  pleased  that  we  have  Dr. 
Hind  amongst  us  and  that  he  has  given  us  such  a  lucid 
explanation  of  the  various  sequences  of  the  Carboniferous 
series,  not  only  in  England  but  on  the  Continent.  T  ought, 
perhaps,  first  of  all  to  rim  over  the  various  groups  of  fossils 
which  are  represented  on  the  table.  These  comprise  speci- 
mens from  the  following  beds : — 1.  Roof  of  the  Bullion 
Coal  seam  at  Sholver,  shoeing  Goniatttes  Listen,  G. 
carhonarim,  Othoceras  of  several  species,  Aviculopecten  and 
Posidonia.  2.  The  shales  above  the  Fourth  Grit,  from  Holt 
Head,  which  contain  Udmondm,  Sc/nzodus,  Bellerophon  and 
other  small  Gasteropoda.  3.  The  Millstone  Grit  of  Netheriey , 
showing  a  number  of  Gasteropoda,  Pleuroiomariay  Looconema^ 
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Murchisonia^  Bellerophon  Uriiy  B.  hiuicus,  Myalina  Flemmingi, 
M.  Verneuilli,  Sedgttnckia  attenftata,  &c,  4.  The  Millstone 
Grit  of  Evesham  and  Sawley  near  Ripon,  containing 
Nauiiius  tuberculatm,  Streptorht/ncht$s,  Productus  (?)  and  a 
number  of  small  Gasteropoda,  indicating  a  Carboniferous 
Limestone  fauna.  5.  The  shales  of  Marsden — O.  reticulatus, 
Aticuhpecten,  ferns,  Posuionia,  Myalina  peralata,  and  a 
number  of  smaU  Gasteropoda.  6.  Producti  from  Warlow 
Brook  at  Onecote. 

We  must,  I  think,  all  agree  that  after  the  lucid  explana- 
tion of  the  stratigraphical  arrangement  of  the  Carboniferous 
series  and  the  palaeontological  remains  found  therein,  that 
Dr.  Hind  has  made  out  a  very  good  case  for  some  revision 
of  the  chief  groups  of  the  Carboniferous  System,  but  of 
what  the  new  nomenclature  is  to  consist  it  is  very  difficult 
to  say.  On  broad  lines  a  binary  division  would  appear  to 
be  compatible  with  all  requirements — Ist  of  the  coal-bearing 
strata,  secondly  of  the  great  calcareous  deposits,  each  charac- 
terised by  its  own  flora  and  fauna.  In  Britain,  however, 
the  formations  are  not  so  easily  disposed  of.  I  understood 
Dr.  Hind  to  say  that  in  Derbyshire  we  had  these  so-called 
Yoredale  shales — Millstone  Grit  shales  if  you  like — resting 
clearly  on  the  top  of  the  Moimtain  Limestone.  So  far  as  I 
know  that  is  not  so,  because  in  the  first  place  we  have  never 
yet  seen  clearly  to  the  bottom  of  the  Mam  Tor  shales. 

Mr.  Barnes  :  Oh  yes,  we  have. 

Mr.  HoLROYD :  At  all  events  not  underneath  Mam  Tor 
in  situ. 

3Ir.  Barnes  :  Not  very  far  away.  I  have  seen  it,  and 
Br.  Hind  has  also  seen  it. 

Mr.  Holroyd:  Some  years  ago,  when  Castleton  was 
J^tirring  itself  up  on  account  of  the  new  railway  having  been 
made,  extensive  building  operations  were  carried  on  at  the 
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Peveril  Hotel.  In  digging  out  the  foundations,  20ft.  or 
25ft.  deep,  they  cut  into  what  appeared  to  me  to  be  fine- 
grained Yoredale  shales,  exactly  similar  to  those  in 
Wensleydale,  and  also  similar  to  those  I  have  seen  round 
Bolton  Abbey  Station,  and  not  of  the  nature^  of  the  Millstone 
Grit  shales,  but  containing  a  suite  of  Mountain  Limestone 
fossils.  The  fauna  was  Mountain  Limestone  entirely.  The 
black  shales  had  nothing  in  them  to  show  that  they  had  any 
connection  with  the  shales  underlying  the  Millstone  Grits;  so 
there,  at  all  events,  we  have  the  top  of  the  Mountain  Limestone 
terminating  in  a  series  which  seemed  to  be  equivalent  to  the 
Yoredales.  AVe  can  find  them  too  in  the  quarry  at 
Pindale.  Then  take  what  is  commonly  called  the  Kinder- 
scout  Grit.  We  have  always  been  given  to  suppose  that 
the  Millstone  Grit  terminated  with  the  base  of  the  Kinder- 
scout  Grit ;  but  at  Pendle  Kill  the  survey  has  found  out  a 
Fifth  Grit;  and  between  the  bottom  of  the  Kinderscout  Grit 
and  this  Fifth  Grit  there  is  a  bed  of  shales  and  another  bed 
of  grit ;  then  at  the  top  of  Pendle  Hill  comes  the  Pendleside 
Limestone,  350ft.  thick.  I  should  like  to  ask  what  we  are 
to  do  with  that  P 

Dr.  Hind  :  Have  you  seen  it  ? 

Mr.  HoLROYD :  I  have.  It  is  said  to  be  350ft.  thick ; 
and  below  it  there  are  some  2,500ft.  of  shales,  which  are 
said  to  be  the  equivalent  of  the  shales  below  the  Millstone 
Grit  of  Marsden.  N  o w  the  fossils  found  in  these  shales  that 
lie  on  the  top  of  the  Mountain  Limestone  are  the  fossils 
characteristic  of  the  Lower  Coal  Measures ;  and  the  fossils 
of  the  Pendleside  Limestone  are  those  of  the  Mountain  Lime- 
stone below.  So  that  here  we  have  a  Coal  Measure  fauna  and 
flora  in  the  shales  and  a  Carboniferous  fauna  in  the  limestone. 
Are  we  to  put  this  Pendleside  Limestone  along  with  the 
Mountain  Limestone ;  or  these  shales  along  with  the  shales 
below    the   Millstone   Grit  ?     Then,   again,    we   have  had 
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pointed  out  to  us — and  on  a  great  many  of  these  points  I 
am  in  entire  agreement  with  Dr.  Hind — that  in  the  Tore- 
dales  at  Alston  Moor,  and  in  north  Yorkshire  chert  is  found. 
It  occurs  also  near  the  top  of  the  Mountain  Limstone;  and 
we  find  chert  in  the  beds  I  have  been  describing  under  the 
Peveril  Castle  Hotel,  which  seems  to  bear  out  my  argument 
that  these  are  the  representatives,  at  Gas  tie  ton,  of  the  true 
Toredale  shales  of  Wensleydale.  I  am  not  aware  that  any 
chert  has  ever  been  found  in  the  shales  below  the  Millstone 
Grit.  The  question  arises:  what  shall  we  call  the  Yoredale 
Shales?  Shall  we  call  them  simply  an  extension  of  the  Lower 
Coal  Measures  ?  Shall  we  regard  the  whole  series  from  the 
top  of  the  Coal  Measures  down  to  the  top  of  the  true  Yore- 
dale Shales  as  being  Lower  Coal  Measure  grits  and  shales  P 
They  are  not  certainly  true  Yoredale  Shales.  After  all  that 
can  be  said  about  it  the  Carboniferous  system  is  only  one ;  and 
all  these  distinctions  and  names  which  we  give  to  different 
portions  are  only  arbitrary,  and  not  suited  to  all  localities. 
It  would  certainly  appear  that  the  best  classification  is 
that  which  is  based,  as  Dr.  Hind  has  said,  upon  ascertained 
paLeontological  facts. 

Mr.  Stirrup  :   I   am  very  glad  Dr.  Hind  has  brought 
before  us  so  strongly  the  paluDontological  side  of  the  argu- 
ment in  stratigraphy,  because  I  believe  myself  that  there  is 
no  other  guide  go  yaluable  in  arranging  these  beds,  in  time 
I      ^d  space ;  and  I  think  he  has  also  shown  clearly  that  wo 
'      most  look  on  the  Carboniferous  series  as  a  continuous  sequence 
of  deposits,  and  not  as  a  heterogeneous  mass  of  materials 
i      without  any  connection.     Although  we  may  not  find  the 
whole  of  the  series  developed  in  one  locality,  still  we  do  find 
them  in  the  same  order  of  succession  as  a  rule.     If  we  take 
a  wide  view  of  the  case  we  shall  be  able,  I  think — as  Dr. 
Hind  is  doing — to  bring  into  a  clearer   view  the  proper 
order  and  divisions  of  this  great  series  of  rocks,  marine  and 
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terrestrial.  I  think  we  already  know  that  the  Yorkshire 
coalfield  and  the  Lancashire  coalfield  have  been  at  one 
time  united,  and  that  we  may  find  exactly  the  same  fossils 
at  Halifax,  in  corresponding  strata,  as  are  found  in  the 
Bossendale  valley,  in  east  Lancashire.  Again,  if  we  go  to 
Belgium  we  find  there  similiar  fossils,  but  I  do  not  think 
the  Belgian  deposits  are  sufficiently  well  worked  out  at 
present  to  put  the  series  in  the  same  definite  order  assigned 
to  them  here.  But  Dr.  Stainier  has  recently,  in  the  Belgian 
coalfield  found  shells  so  remarkable  as  the  Ooniatiies  LisUri 
and  the  O.  diadema  encased  in  calcareous  nodules  similar  to 
the  limestone  nodules  or  "  bullions "  found  in  the  Bullion 
or  Upper  Foot  Mine  of  the  Lower  Coal  Measures  of  Lan- 
cashire. How  far  these  Belgian  deposits  can  be  correlated 
with  those  of  our  English  coalfields  is  not  very  clear  at  pre- 
sent, as  the  fossils  referred  to  occur  in  what  is  called  their 
Upper  coals,  as  well  as  in  a  lower  series.  The  ground  in 
Belgium  is  much  more  broken  up  and  faulted  than  in  some 
of  our  English  coalfields,  therefore  adding  difficulties  to  the 
tracing  of  a  correct  sequence  of  the  beds.  We  have  been 
interested  to  hear  that  Dr.  Hind  has  been  able  to  visit  a 
portion  of  the  Carboniferous  rocks  of  Central  Russia  and  to 
show  us  where  they  resemble  and  where  they  *  differ  from 
our  own.  It  is  instructive  to  have  heard  Dr.  Hind's 
exposition  of  his  by  no  means  finished  work. 

Mr.  Robert  Law,  F.G.S.,  said  :  We  have  always  been 
accustomed  to  give  the  name  Yoredale  to  a  well-known 
series  of  strata,  and  we  shall  perhaps  continue  to  do  so  for 
some  time  to  come.  It  is  not  very  easy  to  eradicate  names 
which  have  obtained  a  place  in  all  geological  literature. 
With  most  of  what  Dr.  Hind  has  said  I  agree. 

Dr.  Hind,  in  replying,  said :  I  am  much  obliged  to  you 
for  the  wayin  which  you  have  received  my  address.  Much 
I  would  like  to  have  said  has  been  necessarily  left  out.     I 
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mar  have  made  a  great  deal  of  the  palsDontological  side> 
but  I  hope  I  also  made  a  good  deal  of  the  stratigraphicaL 
I  made  my  point  from  the  stratigraphical  before  I  touched 
the  palaeontological. 

Mr.  Holroyd  wants  to  have,  in  a  geological  sense,  a  great 
deal  we  cannot  give  him ;  he  wants  everything  absolutely 
certain — a  species  to  die  out  and  never  to  come  in  again. 
He  says  certain  species  of  Lower  Carboniferous  facies  come 
in  in  the  Marsden  beds  ;  I  also  say  they  come  back  into  the 
coal  beds  of  Staffordshire,  a  much  higher  horizon.  We  get 
there  many  of  these  marine  forms,  but  they  are  dwarfed. 
But  I  did  not  burn  my  bridge  of  boats.  I  meant  you  to 
understand  that  the  times  in  which  the  Carboniferous 
deposits  were  going  on  in  Russia,  Belgium,  and  England 
were  not  the  same,  because  the  same  species  did  not  occur  ; 
because,  when  the  epoch  finished  in  one  place  marine 
conditions  were  going  on  somewhere  else.  Then  after  a 
bng  series  of  beds  had  been  deposited  the  land  sank,  there 
was  a  slight  migration  back  again,  bringing  a  return  of 
certain  marine  species,  which  began  to  establish  themselves, 
and  thus  we  have  a  thin  marine  band  with  a  few  species  of 
a  lower  palaeontological  facies.  There  is  no  doubt  whatever 
that  the  Carboniferous  deposits  of  Great  Britain  are  a  con- 
tinuous series ;  there  is  no  unconformity  of  any  moment — 
and  that  is  one  of  the  great  difficulties  in  establishing  sub- 
divisions. The  other  difficulty  is,  as  I  said,  that  we,  in 
England,  happen  to  be  on  the  edge  of  the  basin  in  which 
these  beds  were  deposited,  and  we  get  portions  laid  down 
under  marine,  lacustrine,  and  land  conditions.  At  one  time 
marine  conditions  lasted  a  long  time  ;  at  another  place  onlv 
a  short  time.  This  we  may  say  shows  that  there  must  have 
been  a  rise  and  fall  of  the  land  in  a  short  distance.  Well, 
if  the  stratagraphical  evidence  says  so  we  must  accept  the 
^ts.     Mr.  Holroyd  says  there  are  representations  of  these 
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Yoredale  Shales  in  Derbyshire.  Well,  the  break  between 
the  Carboniferous  Limestone  and  these  Millstone  Grit  shales 
is  not  always  absolutely  sudden  and  sharp.  There  are 
passage  beds  sometimes.  At  the  base  of  Mam  Tor  these 
passage  beds  are  absent.  Generally  there  is  a  series  of 
them,  as  at  the  Tissington  railway  cutting,  where  they  are 
well  exposed,  and  where  the  shales  are  contorted.  I  think 
the  maps  of  the  Geological  Survey  which  show  the  whole  of 
the  Carboniferous  Limestone  area  of  Derbyshire  and  Stafford- 
shire surrounded  by  faults  are  wrong.  Where  there  is  a 
thin  series  of  fissile  shales  they  fall  over  and  are  crumpled 
up.  Over  and  over  again,  at  the  edge  of  the  Carboniferous 
Limestone,  we  find  the  shales  crumpled  up  ;  and  the  same 
thing,  I  believe,  has  gone  on  in  the  series  on  Pendle  Hill. 
We  have  there  a  repetition  of  beds,  but  the  Gt)niatites  and 
other  fossil  remains  of  the  series  are  peculiar. 

This  concluded  the  business  be/ore  the  meeting. 


EVENING    MEETING. 


A  Speoal  Meeting  of  the  Members  was  held  on  Friday 
Evening,  December  16th,  1898,  at  the  Society's  Booms, 
Queen's  Chambers,  5,  John  Dalton  Street,  Manchester. 

Mr.  C.  R.  LiNDSEY  exhibited  by  means  of  the  lime-light, 
and  briefly  described,  the  series  of  Geological  Photographs 
referred  to  on  pages  88  and  93. 

At  the  conclusion  of  the  meeting  a  hope  was  expressed 
that  a  similiar  collection  of  prints,  especially  of  those 
baying  reference  to  this  district,  mig}]Lt  be  formed  by  the 
Society.  Several  were  promised  at  the  meeting,  and  the 
Secretaries  will  be  glad  to  receive  copies  from  members,  or 
others  who  are  able  to  contribute. 
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WIGAN    MEETING. 


The  Ordinary  Meeting  of   the  Members  was  held  on 
Friday,  January  13th,  1899,  in  the  Mining  School,  Wigan. 

Mr.  W.  S.  Barrett  in  the  Chair. 


NEW    MEMBEES. 


The  following  gentlemen,  who  had  been  duly  nominated, 
were  elected  Ordinary  Members  of  the  Society  : — 

Mr.  Joshua    Hampson,    31,    Bellot  Street,   Cheetham, 

Manchester. 
Mr.  John  Goodwin,  Flattocks,  Castleton,  near  Manchester. 
Mr.  David  Hollingworth,  29,  Cumberland  Street,  Lower 

Broughton. 
Mr.  John  B.  Selby,  Atherton  House,  Leigh,  Lancashire. 
Mr.  Alfred  Shaw,  Bersham  Colliery,  Wrexham. 


Mr.  James  Keen  read  the  following  paper  **  On  Sinking 
^'0  Shafts  through  heavily-watered  Strata  at  Maypole 
Colliery,  Abram,  near  Wigan." 
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DESCRIPTION  OF  SINKING  TWO  SHAFTS  THROUGH 
HEAVILY-WATERED  STRATA  AT  MAYPOLE 
COLLIERY,  ABRAM,  NEAR  WIGAN,  FOR  THE 
MOSS  HALL  COAL  COMPANY,  LIMITED,  WIGAN. 

By  Mr.  James  Keen. 


Before  commeiicing  to  give  you  a  description  of  the  work 
done  in  sinking  the  Maypole  Pits,  I  should  like  to  say  a 
few  words  as  to  why  we  decided  to  put  down  such  very 
powerful  pumping  plant,  and  our  reasons  for  taking  the 
precautions  we  did  for  dealing  with  a  large  volume  of  water. 
I  don't  suppose  anything  except  our  knowledge  that  there 
was  a  very  large  area  of  the  celebrated  Abram  Cannel  to 
be  worked  (providing  the  pits  could  be  sunk  successfully), 
would  have  led  us  to  undertake  the  task.  Most  of  you 
present  know  something  about  the  value  of  this  Cannel.  I 
may  say  that  this  Cannel  gives,  per  ton,  the  following  results 
on  analysis:  14,111  cu. ft.  of  39  candle  gas,  with  a  large 
percentage  of  valuable  residuals,  and  about  7  cwts.  of  good 
coke,  and  it  must  therefore  always  hold  a  foremost  place 
for  gas  enrichment. 

Some  thirty  years  ago  an  attempt  was  made  to  sink  two 
pits  in  the  estate,  but  owing  to  the  large  volume  of  water 
found  the  imdertaking  was  abandoned,  and  the  pits  filled 
up.  After  we  had  been  pumping  about  12  months,  the 
farmer  on  whose  land  the  old  pits  were  situated  called  my 
attention  to  the  sudden  subsidence  of  one  of  them,  the 
ground  where  the  pits  were  had  sunk  2  ft.  below  the 
surroimding  surface ;  no  doubt  this  was  owing  to  our  having 
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drained  the  water  out  of  the  pit.  This  was  nearly  one  mile 
from  our  new  pits.  Another  attempt  was  made  about 
24  years  ago,  by  another  company,  to  sink  to  these  valuable 
mines,  about  700  yards  from  our  sinking,  and  about  40 
yards  on  the  deep  of  ours.  After  pumping  at  the  water 
foimd  in  the  top  red  sandstone  for  several  years  they  got 
through  this,  but  as  soon  as  they  came  to  the  brown-red 
sandstone  below  the  Permian  Marls,  they  found  such  a 
volume  of  water  that  they  abandoned  the  imdertaking,  and 
the  pit  now  stands  with  100  yards  of  water  in  it.  It  is 
about  51  yards  from  the  surface,  and  I  think  it  runs  to  us 
at  this  level. 

Before  commencing  to  sink  we  put  down  several  boreholes 
in  different  parts  of  our  royalties,  two  being  to  the  first  seam 
of  coal.  We  decided  to  sink  within  50  yards  of  one  of  these 
boreholes ;  the  Red  Sandstone  was  passed  through  at  150 
yards,  and  the  sinking  afterwards  proved  how  very 
accurate  the  boring  was  in  giving  a  correct  account  of  the 
strata  passed  through.  We  used  the  diamond  drills, 
which  brought  out  a  core  of  the  strata.  The  estates 
from  which  we  are  about  to  work  the  mines  are  surrounded 
by  collieries  at  present  working,  and  they  have  no  water  at 
any  of  these  pits,  so  that  the  water  we  have^met  with  can 
only  be  in  the  area  we  are  going  to  work ;  this  area  is  thrown 
down  on  all  sides  by  large  faults,  so  that  it  is  entirely  covered 
with  red  sandstone,  which  is  not  the  case  at  the  adjoining 
collieries. 

When  we  conmienced  sinking  we  thought  we  should  have 
a  large  quantity  of  water  in  the  top  band  of  red  sand- 
stone, which  we  passed  through  at  55  yards;  then  we  had 
about  15  yards  of  red  sandstone  intermixed  with  red  metal, 
which  contained  water,  but  we  never  had  above  14,000 
gallons  per  hour  down  to  this  depth,  and  I  attribute  this  to 
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the  fact  of  the  former  Company  having  pumped  these  strata 
partly  dry,  as  during  several  years  they  were  pumping 
enormous  volumes  of  water  with  very  powerful  machinery, 
and  as  soon  as  they  got  through  the  Permian  Marls  to  the 
brown  red  sandstone  they  tapped  so  much  water  that  they 
abandoned  the  work. 

I  think  this  conclusively  proves  that  no  surface  feeders 
get  through  the  24  yards  of  strong  clay  of  which  our  top  is 
composed,  and  all  the  evidence  of  our  sinking  goes  to 
prove  that  the  water  we  have  been  pumping  during  the  last 
three  or  four  years  has  hijid  no  surface  feeder.  After 
getting  through  the  red  marls  at  113  yards,  we  came  upon 
a  large  feeder,  and  as  we  went  on  sinking  we  came  upon 
further  feeders,  always  in  floors.  We  never  foimd  any 
feeders  from  vertical  fissures,  and  after  pumping  for  a  time 
they  became  smaller,  and  finally  ceased.  So  that  to-day 
we  have  practically  no  water  except  what  comes  from  a  floor 
where  the  Red  Sandstone  lies  upon  the  Coal  Measures. 
This  feeder  when  first  found  was  about  90,000  gallons  per 
hour,  but  it  has  gone  slowly  less,  and  is  now  only  about 
60,000  gallons  per  hour.  The  water  found  below  the  red 
marls  we  have  had  analysed  several  times,  and  it  always 
shews  the  same  result.  I  herewith  give  copy  of  analysis 
by  W.  J.  Orsman,  F.I.C.,  F.C.S.  :— 

"  Colour  in  a  tube  2  ft.  long — ^faint  greenish  blue. 
Suspended  matter — ^nil. 
Smell  when  heated  to  100°  Fahr. — ^nil. 
Taste — slightly  saline. 
Hardness  before  boiling  5°, — do  after  •1'4°. 
Total  solid  matter — 44  grains  per  gallon. 
Loss  on  ignition,  not  deducting  carbonic  acid — 11  grains 
per  gallon. 
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Total  mineral  matter — 33  grains  per  gallon. 

Chlorine  =  to  7  grains  per  gallon  of  sodium  chloride. 

Lead — nil.     Copper — nil.     Iron — ^nil. 

Lime  present  as  bicarbonate. 

Magnesia — trace  only. 

Alkaline  salts  present  as  bicarbonate  of  soda. 

Sulphuric  acid. — As  sulphates,  trace  only. 

Phosphoric  acid — nil. 

Nitrogen. — ^As  ammonia — ^nil. 

„  As    albuminoid    ammonia — 0"01   part   per 

million. 

„  As  nitrates — ^nil. 

Oxygen  absorbed  by  organic  matter  from  solution  of 

permanganate   of   potash — ^at  80^  Fahr.  in  2  min. 

nil;  in  four  hours,  trace  only. 
Microscopical  results — ^nil." 

Any  surface  feeders,  now  that  the  volume  of  water  is  so 

much  less,  would  naturally  alter  this  analysis,  but  it  has  not 

been  found  to  vary,  and  everything  points  to  the  water  we 

have  been  pumping  and  are  at  present  pumping,    coming 

from  a  large  underground  pound.     I  am  sorry  that  we  did 

not  have  the  water  which  we  found  in  the  top  red  sandstone 

analysed,    as  I  feel  sure  this   would  have   shewn   a   very 

different  quality.     In  fact,  the  water  pumped  at  the  Ince 

District  Council's  Pumping  Station  at  Golbom,  which  is  on 

the  edge    of  one  of  the  estates  under  which  we  have  the 

mines  on  lease,  is  very  hard,  and  on  boiling,  leaves  a  very 

thick  deposit.     I  may  just  mention  here  that  the  reason 

▼e  decided  to  pump  the  water  instead  of  tubbing  it  back, 

was,  that  we  had  three  or  four  valuable  seams  of  coal  so 

near  to  the  sandstone  that  the   breaking  of  the   roof  in 

working   these   mines  would  have  brought  the  water  into 

our  workings. 
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The  most  striking  features  from  a  geological  point  of  view 
to  me  were,  first,  the  great  difference  we  found  in  passing 
through  the  clay.  At  No.  1  Pit  it  went  right  down  to  the 
sandstone,  but  at  No.  2  Pit,  50  yards  away,  we  found  at  the 
bottom  of  the  clay  13  feet  of  running  sand,  and  3000  gallons 
of  water  per  hour  coming  right  down  to  the  top  of  the 
sandstone ;  some  of  it  was  exactly  like  the  pebbly  beach  so 
often  seen  at  the  sea  side.  At  about  120  yards  we  came 
upon  a  hard,  bright,  glittering  looking  sandstone,  some  of 
it  having  the  appearance  of  rock  salt,  and  a  pick  would 
scarcely  touch  it ;  it  had  a  slight  saline  taste  and  after  a  few 
hours'  exposure  to  the  atmosphere  it  commenced  to  waste 
away,  similar  to  ice  thawing,  and  in  a  very  short  time  a  hole 
had  run  into  the  side  of  the  shaft  for  20  ft.,  10  ft.  wide  by 
15  ft.  high ;  this  had  to  be  made  secure  as  early  as  possible, 
otherwise  verj'-  serious  trouble  would  have  occurred.  We 
also  found  below  this,  at  about  135  yards  deep,  a  bed  about 
6  ft.  thick  containing  round  balls,  from  the  size  of  a  pea  up 
to  the  size  of  a  billiard  ball,  very  hard,  and  perfectly  round, 
which  when  put  into  the  fire  exploded  and  gave  off  a  strong 
sulphurous  smell.  They  are  portions  of  the  sandstone  in 
which  the  grains  are  cemented  together  by  iron  pyrites, 
which  seems  to  have  been  deposited  roimd  numerous  centres. 
We  also  found  in  the  Permian  Marls  a  bed  of  flattened  round 
calcareous  concretions.  We  got  to  these  a  day  or  two  before 
Christmas  Day,  and  the  sinkers  called  them  *' mince  pies," 
which  in  shape  they  resembled  very  much.*  We  do  not 
appear  to  have  foimd  many  fossils  except  in  the  series  of 
the  Ince  mines ;  in  the  metals  between  these  various  seams 
of  coal,  remains  of  various  plants  were  very  plentiful. 

I  propose  now  to  describe  the  sinking  of  No.  1  Shaft. 
We  commenced  actual  sinking   operations   on   May  31st, 

•  Vol.  XXV.,  p.  240. 
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1895,  and  laid  the  first  bricking  ring  at  26  yards ;  the  whole 
of  this  sinking  was  in  strong  clay,  and  we  put  in  elm  rings 
6  inches  square,  and  close  timbered  with  battens  2  inches 
thick. 

On  July  2nd,  1895,  we  came  to  some  water  at  36  yards, 
and  put  in  at  that  point  a  water  ring ;  then  went  on  for 
another  three  yards  and  found  more  water  than  we  could 
wind  and  pursue  sinking  operations  at  the  same  time. 

Sinking  was  suspended  until  a  pump  could  be  put  to 
work ;  we  applied  a  straight  line  sinking  pump  by  Joseph 
Evans  and  Sons,  of  Wolverhampton,  having  a  7  inch  ram 
and  a  14  inch  steam  cylinder,  with  24  inch  stroke,  equal  to 
pumping  14,000  gallons  per  hour.  This  was  slung  in 
chains  with  large  blocks  for  lowering.  Sinking  was  resumed 
on  September  25th,  1895,  and  we  passed  through  the  water 
at  64  yards,  where  a  water  ring  was  put  in  to  catch  the 
water,  which  amounted  to  12,000  gallons  an  hour.  We 
pumped  out  of  a  tank  fixed  at  this  point,  the  pump  being 
fixed  on  a  bearer,  and  from  this  depth  we  proceeded,  getting 
through  the  red  sandstone  at  70  yards,  after  which  we  had 
red  metal  for  63  yards,  and  on  January  8th,  1896,  at  the 
depth  of  113  yards  we  came  across  another  feeder  of 
water. 

Here  we  applied  another  straight  line  sinking  pump,  also 
by  Evans,  with  steam  cylinders  24  inches,  rams  13  inches 
diameter,  and  24  inch  stroke.  This  pump  is  equal  to 
40,000  gallons  per  hour,  running  35  strokes  per  minute, 
and  when  fuUy  equipped  with  a  column  weighs  over  25 
tons.  We  slung  this  pump  on  steel  rods,  3  J  inches  dia- 
meter, in  10  feet  lengths,  and  lowered  it  with  a  screw  5  J  inches 
diameter  working  through  a  worm  and  worm-wheel,  by  a 
pair  of  engines  with  cylinders  of  8  inches.   The  pipes  were  all 
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made  in  10  feet  lengths,  corresponding  with  the  rods,  and 
we  lowered  each  time  10  feet ;  the  slide  on  the  suction  of 
the  pumps  allowing  of  a  movement  of  12  feet. 

Whilst  sinking  and  using  this  apparatus  we  were  enabled 
to  lower  the  pump  10  feet  in  25  minutes,  which  included 
stopping  and  starting.  I  draw  special  attention  here  to 
the  fact  that  all  the  pipes  used  were  of  steel  with 
the  "  Acme  "  joint ;  we  have  never  had  any  trouble  with 
,  them ;  there  are  some  fixed  now  that  have  been  fixed  for 
two  years ;  they  are  light,  strong,  and  durable,  and  have 
had  nothing  done  to  them.  To  each  of  the  large  Evans 
pumps  we  have  steam  and  exhaust  pipes  5  inches 
diameter,  and  a  rising  main  9  inches.  These  pipes 
hang  in  the  pit  and  swing  about  without  having  any 
injurious  influence  on  the  joints.  To  these  pumps  we  con- 
structed proper  stages  for  the  men  in  charge,  and  have 
always  made  it  a  rule  never  to  have  any  of  our  pimips  working 
without  a  man  in  charge,  and  I  think  this  is  of  the  highest 
importance  in  sinking  operations. 

We  went  on  sinking  to  117  yards,  and  tapped  about 
27,000  gallons  of  water  per  hour.  Here  we  decided  to  make  a 
pump-house  and  underground  lodges  for  the  large  pumping 
engine.  We  commenced  making  the  pump-house  and  lodge 
on  the  17th  March,  1896. 

At  the  same  time  we  decided  to  put  in  a  pair  of  pumps  by 
Peams,  of  Manchester,  at  this  depth,  to  supplement  the 
Evans  pumps.  Whilst  the  lodge  n^aking  was  still  in  progress 
we  started  the  Peams  pump  on  May  1st,  1896.  It  was  of 
the  duplex  type.  The  rams  were  10  inches  diameter 
and  the  steam  cylinders  24  inches  diameter,  the  stroke 
being  18  inches.  The  pumping  capacity  of  these  PeamS 
pumps    is     42,000     gallons    per    hour,    running    at    35 
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strokes  per  minute.  On  June  23rd,  1896,  we  started 
the  large  Hathom-Davy  ram  pump,  with  engine  on  the 
surface,  and  ram  24  inches  diameter,  having  a  stroke  of 
10  feet.  We  went  on  sinking  to  a  depth  of  121  yards,  and 
tapped  a  further  quantity  of  water  of  60,000  gallons  per 
hour.  This  coming  in  so  far  below  the  fixed  Pearns  pumps 
that  they  could  not  deal  with  it,  we  put  in  a  length  of  tubing 
made  of  boiler  plates,  with  18  inches  cement  brickwork  and 
cement  concrete  backing,  and  so  elevated  the  water  10  feet 
to  a  cistern.  This  enabled  the  Pearns  pumps  to  deal  with 
what  was  beyond  the  capacity  of  the  Evans  pumps. 

It  will  readily  ba  understood  that  we  have  had  our  share 
of  pumping  accidents,  which  are  quite  frequent  in  sinking 
operations.  On  the  2nd  of  July,  1896,  the  large  Hathorn- 
Davy  pump  burst  a  clack-box  cover,  and,  to  prove  that 
mishaps  in  pumping  do  not  come  alone,  the  Evans  pump,  by 
overwork,  also  failed,  and  the  water  flooded  us,  rising  to 
within  sixty  yards  of  the  surface.  All  the  pimips  were 
nnder  water.  We  raised  the  Evans  pump  and  added  another 
of  the  same  size,  sustaining  it  with  similar  gear  on  the 
opposite  side  of  the  shaft,  and  were  able  to  get  to  work 
again. 

Sinking  was  resumed  on  July  27th,  1896,  and  continued 
until  August  6th,  when  we  tapped  a  further  large  feeder, 
which  made  the  total  quantity  of  water  being  pumped  to  the 
surface  160,000  gallons  per  hour.  We  put  in  a  No.  11 J 
Pulsometer  at  this  point  to  pump  the  water  to  the  big  pimip, 
and  fixed  the  two  Evans  pumps  on  bearers,  as  they  work  so 
much  more  satisfactorily  at  this  depth  when  fixed  than  when 
dinging.  Sinking  ceased  at  No.  1  shaft  and  was  not  resimned 
until  more  than  a  year  later,  viz.,  November  12th,  1897,  when 
we  conunenced  sinking  again  at  this  pit,  and  passed  through 
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the  water  exactly  the  same  as  we  did  in  No.  2  Pit ;  put  in  the 
sealing  ring,  and  as  the  pit  is  7  or  8  yards  on  the  deep  of 
No.  2,  we  pump  most  of  the  water  from  behind  the  sealing 
ring  in  this  pit.  We  have  gone  on  sinking  ^ince  November, 
1897,  but  if  we  have  had  to  stop  for  anything  it  has  been  this 
pit  that  we  have  let  stand.  To-day  we  are  through  the 
Inee  mines,  and  within  40  yards  of  the  Bickershaw  7  ft. 

We  commenced  sinking  the  No.  2  Shaft  on  September  1st, 
1895.  It  was  suggested  to  me  to  sink  through  the  clay 
without  putting  in  the  elm  rings  and  battens,  as  explained 
in  describing  No.  1,  but  I  preferred  to  run  no  risk,  and  have 
always  held  that  it  is  unwise  to  do  so,  especially  when  it 
only  saves  a  little  labour. 

As  before  mentioned  the  clay  in  No.  1  Shaft  went  right 
down  to  the  rock.  In  No.  2  Pit  at  a  depth  of  about  20  yards 
we  came  upon  sand  and  pebbles,  and  down  to  about  26  yards 
we  had  a  quicksand,  with  from  two  to  three  thousand  gallons 
of  water  per  hour.  There  was  the  greatest  difficulty  to  keep 
the  shaft  right  in  passing  through  this  treacherous  ground,  and 
I  am  satisfied  that  if  we  had  not  had  the  shaft  close  timbered 
from  the  surface  it  would  certainly  have  been  lost ;  even  as 
it  was,  the  whole  of  the  timber  from  top  to  bottom  moved, 
and  we  had  to  sling  the  whole  of  this  timbering  from  the 
top  with  chains,  attached  to  large  balks  put  across  the  shaft 
each  way.  I  had  erected  a  large  pair  of  winding  engines 
to  wind  permanently  from  this  pit,  and  had  we  lost  it,  it 
would  have  been  a  very  serious  matter.  This  has  happened 
in  two  or  three  instances  in  this  district.  We  got  down 
to  29  yards,  when  we  were  stopped  by  water,  although  the 
ground  appeared  open  and  the  No.  1  Shaft  was  only  Mty 
yards  away  and  had  a  considerably  greater  depth  than  this. 
We  conmienced    sinking   again  on  September  8th,    1896, 
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using  the  small  Evans  sinking  pump  that  had  been  in  use  in 
the  other  shaft,  as  the  water  that  this  pump  had  been 
dealing  with  disappeared. 

We  proceeded  to  a  depth  of  115  yards,  and  finding  more 
water  commenced  to  drive  a  tunnel  between  the  two  shafts ; 
this  was  completed  and  bricked  on  December  7th,  1896. 
We  commenced  sinking  again  on  that  date,  and  finding  more 
water  we  put  in  a  syphon  4  inches  diameter  through  the 
tunnel,  which  enabled  us  to  go  on  sinking  until  December 
13th,  1896,  down  to  a  depth  of  120  yards. 

On  this  date  the  Hathom-Davy  pump  burst  its  bottom 
clack-box,  which  resulted  in  the  water  rising  up  in  the 
Xo.  1  Shaft  to  the  Peams  pump.  We  raised  the  two  Evans 
pumps  up  to  the  same  level,  and  they  all  delivered  the  water 
to  the  surface ;  the  water  that  these  pumps  could  not  deal 
with  came  through  the  tunnel  into  the  No.  2  Shaft. 

We  commenced  winding  the  water  in  the  No.  2  Shaft 
on  December  18th  1896,  and  up  to  January  10th,  1897, 
dealt  in  this  way  with  an  average  of  47,000  gallons  per  hour 
without  a  break.  The  tank  or  barrel  that  we  used  held  1,010 
gallons,  having  a  clack  24  inches  diameter  in  the  bottom. 
During  one  experimental  hour  we  wound  69,000  gallons  of 
water,  and  I  know  of  no  other  case  in  which  so  much  water 
has  been  wound  in  the  time  from  such  a  depth  by  a  single 
barreL 

When  the  pumps  had  been  got  to  work  again,  we  almost 
inunediately  tapped  further  water  in  the  No.  2  Shaft,  and 
had  to  pat  in  a  Pulsometer  pump  No.  11  J,  the  capacity 
guaranteed  being  80,000  gallons  per  hour,  against  a  vertical 
height  of  70  feet  with  601bs.  of  steam  pressure.  On 
January  26th,  1897,  at  a  depth  of  123  yards,  we  found  a 
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further  large  feeder,  and  put  in  another  Pulsometer  pump  of 
the  same  size,  both  being  hung  by  means  of  Elliott's 
"  locked  coil "  ropes  attached  to  steam  capstans.  The  water 
now  began  to  leave  the  No.  1  Pit,  and  had  to  be  pumped 
through  the  tunnel  to  the  Hathom,  Peams,  and  Evans 
pumps. 

Our  greatest  difficulty  now  was  not  with  the  Pulsometer 
pumps  themselves,  but  with  the  suction  pipes,  which  were  of 
light  cast-iron,  and  having  this  large  quantity  of  water  we 
were  obliged  to  fire  our  shots  while  the  suction  pipe  was 
actually  in  the  bottom.  The  result  was  that  we  broke  as 
many  as  three  or  four  suction  pipes  in  a  week,  and  after 
considerable  thought  I  had  a  flexible  joint  made  something 
after  the  fashion  of  a  short  length  of  large  fire-hose.  Soe 
Plate  I. 

This  was  connected  with  the  pumps  above  and  the  con- 
tinuation of  the  suction  pipe  below  and  provided  the  needful 
elasticity,  thus  avoiding  breakages  from  sudden  shocks 
by  shots.  This  joint  has  been  an  eminent  success,  and  I 
strongly  recommend  it  for  any  kind  of  sinking  operations. 
The  ordinary  delivery  and  suction  clacks  did  not  give  satis- 
faction, as  they  required  too  frequent  renewal.  We  applied 
disc  valves  of  rubber,  and  they  have  proved  most  successful. 
We  went  on  sinking  until  March  27th,  1897,  when  we  had 
reached  a  depth  of  138  yards,  and  during  the  whole  of  this 
time  we  were  constantly  tapping  fresh  feeders  below,  but  the 
feeders  above  either  went  less  or  followed  us  down.  The 
water  being  pumped  at  this  time  was  about  120,000  gallons 
per  hour,  practically  all  in  this  shaft.  At  each  large  feeder 
that  we  reached  we  put  in  water  rings,  and  although  we  had 
twelve-inch  flanges  with  seven-inch  waterways,  and  as  many 
as  six  outlets  in  them,  they  were  insufficient  to  take  the 
water. 
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I  may  here  refer  to  the  great  importance  of  making  these 
rings  thoroughly  watertight,  otherwise  it  is  no  use  putting 
them  in.  My  experience  is  that  the  best  way  to  accomplish 
this  is  to  lay  them  on  oakum,  and  set  the  first  six  courses  of 
bricks  in  cement  and  mortar ;  then  grout  the  whole  in  with 
Tery  good  and  fresh  cement,  and  there  will  be  no  difficulty 
in  making  them  tight.  In  no  instance  has  the  water  passed 
any  of  our  rings,  although  they  have  been  put  in  with  feeders 
flowing  over  them  of  sixty  and  seventy  thousand  gallons  per 
hour.  We  have  always  had  a  dry  pit,  which  is  a  very  great 
advantage  in  every  way.  There  are  many  who  prefer  to  bed 
the  rings  in  clay  and  puddle  them,  but  the  body  of  clay  that 
can  be  got  in  is  so  small  that  it  perishes,  and  consequently 
fails  in  its  object.  Two  of  the  first  rings  which  we  put  in 
the  No.  1  Shaft  were  laid  in  this  way,  and  although  there  is 
only  a  very  small  quantity  of  water  near  them,  in  both  cases 
the  water  passed  them,  I  think  it  well  to  explain  here 
that  we  laid  all  our  rings  on  solid  beds ;  we  had  them  18 
inches  wide,  and  for  about  three  feet  above  each  ring  we  put 
in  18  inch  brickwork,  and  as  we  came  up  from  below  with 
the  next  length  of  brickwork  we  cut  the  rock  out,  and  thus 
got  nine  inch  brickwork  imder  the  front  of  the  ring.  When 
this  can  be  done  it  is  much  better  than  plugs  to  carry  the 
ring. 

On  April  2nd,  1897,  we  found  another  feeder,  and 
stationed  the  two  Pulsometer  pumps  already  in  the  shaft  at 
this  point,  and  put  in  tanks  made  of  light  steel  plates 
to  catch  the  water  met  with  down  to  this  point,  and  pumped 
it  with  these  two  Pulsometer  pumps.  We  applied  two  more 
PuLsometers  and  fixed  them  on  the  ropes  and  went  on 
sinking. 

Keeping  the  bore-hole  before  us  about  twelve  feet  in 
advance,  sinking  proceeded  to  146  yards  comparatively  dry, 
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but  on  April  18th,  1897,  we  tapped  a  further  large  feeder 
with  the  bore-hole  at  150  yards  deep.  The  water  rushed  up 
this  bore-hole  and  rose  like  a  fountain  to  an  elevation  of  26 
feet  above  the  top  of  the  hole.  We  immediately  plugged 
the  hole.  We  also  decided  to  put  in  another  Peams  pump 
capable  of  delivering  70,000  gallons  per  hour  to  the  surface. 
Locating  this  in  an  engine-house,  we  started  it  on  August 
8th,  1897.  We  had  in  the  meantime  bored  about  ten  to 
twelve  holes  down  to  the  feeder  and  tested  the  volume  to  be 
90,000  gallons  per  hour.  We  went  on  pumping  at  this 
feeder,  having  the  holes  open  whilst  the  Peams  pump  was 
being  fixed.  We  always  had  men  to  plug  the  holes  up  in 
case  of  any  mishap  with  the  pumps,  and  found  the  pressure 
was  so  far  reduced  when  we  resumed  sinking  that  the  water 
only  rose  about  8  feet  above  the  bore-holes. 

We  also  put  one  bore-hole  down  to  a  depth  of  68  feet  below 
the  feeder,  and  found  that  we  were  in  the  Coal  Measures,  so 
that  this  large  feeder  was  where  the  red  sandstone  joined  the 
Coal  Measures.  To  our  great  satisfaction  we  recognised  that 
we  were  through  the  water-bearing  strata,  and  at  once 
decided  to  catch  the  water  at  this  point,  as  we  had  ample 
pumping  power  to  deal  with  it.  On  August  13th,  1897,  we 
commenced  sinking  through  this  feeder,  and  at  152  yards 
deep  we  put  in  a  sealing  ring  to  enable  us  to  take  or  stop 
the  water  at  will,  and  had  all  completed  and  the  scafPold  oixt 
of  the  pit  on  September  11th,  1897. 

After  this  we  went  on  sinking  with  the  water  in  the 
bottom  until  we  had  reached  a  depth  of  156  yards,  where  wo 
put  in  tanks,  letting  the  water  out  from  behind  the  tubbing* 
with  pipes  12  inches  in  diameter,  and  valves  that  we  could 
regulate.  We  have  frequently  had  these  valves  closed  for  a 
period  of  twelve  hours,  and  have  found  the  water  no  trouble 
to  us.      This  arrangement  was  completed  by  the  end  of 
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September,  1897.  Afterwards  the  sinking  was  comparatively 
free  from  difficulty,  as  it  was  all  dry.  By  this  term  dry  I 
mean  we  had  all  the  water  effectually  caught,  and  there  was 
none  in  the  pit  bottom  or  loose  in  the  shaft,  but  was  all 
being  pumped  from  behind  the  tubbing  or  out  of  tanks. 
The  quantity  at  this  date  (September,  1897)  being  pumped 
to  the  surface  was  from  one  hundred  and  sixty  thousand  to 
one  hundred  and  seventy  thousand  gallons  per  hour.  This 
maTimnm  quantity  has  gone  on  diminishing,  so  that  at  the 
present  time  (January,  1899)  we  are  not  dealing  with  more 
than  seventy  thousand  gallons  per  hour.  I  am  even  hopeful 
that  there  will  still  be  a  further  substantial  diminution. 
This  shaft  is  now  completed.  As  you  will  see  by  the  section, 
we  have  passed  through  the  Wigan  6  ft.  mine,  and  are 
21^  yards  below  it,  and  have  commenced  to  prove  the  coal- 
field. The  total  depth  of  this  shaft  is  604  yards.  We  found 
the  celebrated  Abram  Cannel  at  562  yards,  of  excellent 
quality,  6  ft.  3  in.  thick,  with  1  ft.  7  in.  of  coal  on  the  top  of 
it  The  whole  of  the  mines  passed  through,  as  shown 
by  the  section,  are  above  the  average  thickness  and  of  good 
qnaHty. 

I  think  it  would  be  well  in  this  latter  portion  of  my 
remarks  to  give  my  audience  the  benefit  of  the  experience 
vhich  this  work  has  given  me.  There  is  an  advantage  in 
all  important  undertakings,  that  circumstances  arise  during 
the  carrying  out  of  the  work,  which,  if  properly  appreciated, 
may  be  very  useful  in  future  undertakings  of  a  similar 
character. 

It  will  hardly  be  necessary  for  me  to  say  to  a  strictly 
mining  audience,  chiefly  composed  of  those  who  have  charge 
of  important  mining  work,  that  there  should  be  no  scamping 
in  nuning  appliances,  and  that,  especially  in  sinking  opera- 
tions, everything  should  be  of  the  best.     This  should  be 


136  1I&.  JAKES  KEEK,  ON  [Jan.,  1899, 

placed  first  and  foremost  in  the  interests  of  safety,  because 
no  amount  of  skill  and  care  would  prevent  serious  accidents 
if  the  appliances  were  defective.  Everything  that  has  to  be 
used  in  sinking  should  be  of  the  best  quality,  and  so  far  as 
possible  everything  should  be  tested  to  a  very  much  higher 
stress  than  it  is  intended  to  bear. 

Not  only  should  everything  that  has  to  be  used  in  the  way 
of  lifting  have  a  large  margin  for  safety,  but  the  whole  of 
the  pumping  plant  should  be  equal  to  at  least  double 
the  work  it  will  be  called  upon  to  do.  It  will  have  been 
noticed  that  the  greatest  volimie  of  water  with  which  we 
have  had  to  deal  is  170,000  gallons  an  hour,  and  it  has  been 
satisfactory  to  me  to  know  that  the  pumping  appliances  at 
my  command  were  nearly  equal  to  double  that  amount.  We 
had  pumps  equal  to  310,000  gallons  per  hour  from  a  depth 
of  120  yards.  So  far  as  practicable  everything  should  be 
duplicated.  I  will  mention  a  few  of  the  most  important : — 
(1)  The  steam  pipes  to  the  pumps  from  the  boilers,  as  a 
blown-out  joint  in  a  large  range  of  steam  pipes  might  lose 
you  the  pit ;  you  should  certainly  have  two  independent 
steam  connections  to  your  pumps ;  (2)  duplicate  boiler  feed 
pumps ;  (3)  duplicate  pumps  to  your  condensers  for  your 
pumping  engines ;  (4)  it  is  also  very  important  to  have 
valves  at  the  surface  to  each  set  of  steam  pipes  going  to  tho 
pumps  in  the  shafts,  with  signalling  appliances,  so  that  they 
can  be  closed  immediately  in  cases  of  accident. 

It  is  simply  throwing  money  away  to  construct  pit  shafts 
which  in  any  case  entail  an  outlay  of  many  thousands  of 
pounds,  with  defective  material.  The  brickwork  should  all 
be  put  in  solid,  and  set  in  good  mortar.  Where  water  has 
to  be  contended  with,  the  setting  should  be  in  lias  lime.  In 
no  case  should  there  be  any  backing  to  the  brickwork,  ray 
experience  being  that  such  constructions   always  lead   to 
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trouble  by  the  brickwork  giving  way ;  and,  above  all,  have 
good  hard-burnt  bricks. 

The  improvements  in  steel  manufacture  of  recent  years 
iiare  greatly  assisted  important  mining  imdertakings,  and 
Te  are  now  able  to  make  use  of  steel  which,  with  a  quarter 
of  the  weight,  affords  greater  strength  than  the  cast-iron 
arrangement  that  formerly  prevailed.  The  advantages  of 
diminishing  the  weight  to  such  an  extent  will  be  understood. 
When  you  have  to  sling  both  pumps  and  pipes  from  the 
surface,  and  to  raise  and  lower  them  daily,  you  will  under- 
stand how  necessary  it  is  that  they  should  be  both  light  and 
strong — ^the  pipes  with  joints  that  can  be  easily  made,  and 
not  liable  to  give  way.  There  are  many  makers  of  this 
class  of  pipes,  but  we  used  the  pipes  with  the  "  Acme  " 
joint,  made  by  Edward  Lewis,  of  Wolverhampton.  Our 
large  steel  pipes  from  20  to  26  inches  were  made  by  Messrs. 
Pi^ott  and  Co.,  of  Birmingham.  We  found  them  both  to 
answer  well. 

AH  the  pumping  plant  named,  with  the  exception  of  the 
airface  Hathom-Davy  pump,  is  not  intended  as  permanent 
plant.  Most  of  the  sinking  pumps  are  not  economical  in  the 
use  of  steam,  and  when  you  come  to  fix  permanent  plant  you 
should,  as  far  as  possible,  have  the  most  economical.  I  must 
sar,  that  in  sinking,  economy  is  not  always  the  most 
nnportant  matter  to  consider,  as  you  want  the  kind  of  pump 
that  will  go  the  longest  without  stopping,  for  at  times 
topping  pumps  with  2,500  gallons  of  water  per  minute  in 
the  pit,  means  disaster. 

I  now  come  more  in  detail  to  the  question  of  pimips.  We 
have  used  several  kinds,  first  the  Joseph  Evans  and  Sons* 
^raightline  Sinking  Pump.  These  have  done  us  good 
*mce,  are  strong  and  want   little  repairs,  the  clacks  are 
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adapted  to  take  any  amount  of  sand,   and  they  are   ram 
pumps.     Nothing  but  ram  pumps  would  have  been  of  any 
use  to  us  with  the  sand  we  had  to  raise.      Our  various 
pumps  at  times  have  dealt  with  several  tons  of  sand  each  24 
hours.  Then  we  have  the  Frank  Peam  and  Co.'s  Horizontal 
Duplex  Pump  with  short  stroke,  and  wherever  you  have 
large  quantities  of  sand  you  want  pumps   with  short  stroke 
going  quickly.    We  frequently  run  both  Evans'  and  Pearns' 
pumps  at  35  strokes  per  minute.     This  pimip  had  valves 
that  would  also  pass  any  amount  of  sand.     Neither  of  these 
pumps  wanted  repairing  very  often,  and  this  is  a  great  con- 
sideration.    Next  comes  the  Pulsometer  pump.     I  agreed  to 
use  this  pimip,  only  with  a  guarantee  which  has  been  more 
than  fulfilled.     By  the  vital  principle  of  their  action  they 
must  be  light,  which  enables  them  to  be  easily  handled,  and 
as  the  steam  used  in  forcing  the  water  combines  with  and  is 
delivered  with  the  water,  we  avoid  the  trouble  from  exhaust 
steam  which  my  audience  knows  to  be  very  great.     I  do  not 
hestitate  to  say  that  if  I  had  to  commence  another  sinking 
operation   of   this   character  to  pass   through  a  volume  of 
water  of  150,000  gallons  an  hour  to  a  depth  not  exceeding 
100  yards,  I  should  use  Pulsometer  pumps  alone  for  the 
pumping  during   sinking.     I   am   satisfied   that   with   the 
pressure  of  steam  now  easily  available,  Pulsometers  would 
raise  practically  any  volume  of  water  to  a  vertical  height 
approaching   100  feet,  which  would  necessitate  say,  three 
different  Pulsometers  and  different  lifts.     I  would  make  my 
shafts  large  enough  in  diameter  to  provide  room  for  these 
Pulsometers  without  interfering  with  the  needful  area  in  the 
shaft  itself.   Pulsometer  pumps  will  deal  with  almost  anything, 
and  matter  with  which  ordinary  pumps  find  it  impossible  to 
deal  does  not  hamper  Pulsometer  pumps  at  all.     We  had  one 
pumping  30,000  gallons  per  hour  against  107  feet  head  with 
851bs.  of  steam  for  months.     In  completing  my  remarks  on 
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pumps  I  cannot  speak  too  lugUy  of  the  whole  of  the  pumps 
we  have  used,  but  in  matters  of  this  kind  you  have  to  con- 
sider the  quantity  of  water  you  may  have,  and  the  depth 
you  will  have  to  pump  it  from  before  you  decide  upon  the 
pump  to  be  used.  Nothing  but  practical  experience  is  of 
any  use  in  these  matters. 

I  have  mentioned  in  a  previous  portion  of  my  remarks, 
that  whatever  class  of  pumping  appliances  is  in  use,  each 
separate  pump  should  have  a  man  constantly  in  charge. 
When  pumps  stop  they  take  some  time  to  re-start,  and  a  man 
having  hold  of  the  steam  valve  can  often  prevent  a  pump 
from  actual  stoppage.  If  the  work  goes  on  smoothly  he  has 
Uttle  or  nothing  to  do ;  so  much  the  better ;  but  in  the  event 
of  mishaps  so  natural  in  sinking  operations,  the  man  is  in 
attendance,  and  can  prevent  a  disaster  which  might  flood  the 
entire  shaft.  In  no  case  should  pumps  be  left  to  the  mercy 
of  sinkers. 

The  diagrams  which  I  have  been  able  to  use,  I  hope, 
have  made  it  clear  to  my  audience  the  method  we  adopted 
when  reaching  the  bottom  feeder,  which  was  the  largest 
feeder  we  met  with,  making  90,000  gallons  per  hour.  I  will 
briefly  describe  how  this  work  was  carried  out.  When  we 
got  through  the  sandstone  we  had  hard  white  rock  for  some 
depth,  and  8  feet  above  the  feeder  we  commenced  to  widen 
out  the  shaft  2  feet  6  inches  all  round,  and  we  took  the  shaft 
down  this  size  to  6  feet  under  the  feeder.  There  we  got  a 
perfect  bed  for  a  ring,  the  ring  being  cast-iron  in  eight 
segments,  with  a  flange  6  inches  deep  in  the  front,  and  19 
inches  from  the  front  another  flange  the  same  size.  This 
was  laid  on  strong  felt  and  grouted  with  cement.  When 
this  was  made  tight,  we  had  a  ring  made  of  boiler  plates  15 
feet  high,  in  two  parts,  the  bottom  part  being  10  feet  and 
the  top  part  5  feet.     This  was  also  in  eight  segments,  each 
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segment   having  2i  inch   angle   iron   rivetted   on  it,  with, 
f-inch  holes,    2i-inch   centres,  for  bolting   together,    and 
angle  iron  riveted  on  the  bottom,  for  it  to  stand  on ;  with 
rings  of  4-inch  angle  iron,   having  |-inch   bolts,  2i-incli 
centres,  bolting  the  upper  and  lower  lengths  together.     The 
10-feet  length  being  put  in  first  we  had  two  12-inch  outlets 
at  the  bottom,  and  two  other  outlets  7  feet  from  the  bottom, 
with    12i-inch    pipes,   2   feet    long,  rivetted   on.       These 
segments  were  bolted  together  with  India  rubber  strips  to 
make  the  joints,  and  caulked  with  oakum  at  the  bottom 
behind  the  flange  on  the  ring  and  made  perfectly  water- 
tight ;  then  a  ring  of   18-inch  cement  brickwork  was  built 
up  to  the  top  of  the  10-feet  ring,  and  each  course  grouted  in 
with  cement,  then  two  blank  flanges  were  put  on  the  bottom 
pipes,  and  the  water  flowed  out  of  the  top  pipes,  the  lO-inch. 
at  the  back  of  the  boiler  plate  ring  being  now  filled  in  with 
concrete  made  of  small  broken  bricks  and  cement.     As  each 
foot  in  height  was  done  we  ran  cement  down  through  4-inch 
pipes,  with  funnels  at  the  top,  as  thick  as  it  woidd  run  all 
round.     When  this  was  done  6  feet  high,  we  filled  the  next 
3  feet  up  with  broken  bricks,  about  three  pieces  out  of  each 
brick.     We  then  put  some  old  boiler  plate  on  the  top  of 
these  bricks,  and  made  all  good  with  cement  and  concrete  to 
the  top  of  the  10-feet  rings.  We  then  put  the  5-feet  lengths 
of  ring  on  the  top  of  this,  and  bolted  it  together  with  rubber 
between  the  horizontal  joint  and  the  vertical  joints,  and 
took  the  18  inch  cement  brickwork  to  the  top  of  this.     We 
filled  the  top  length  up  with  concrete  in  the  same  way  that 
we  did  the  bottom  length,  and  took  the  brickwork  up  to  the 
ring  above.     When  this  had  been  done  we  went  on  sinking. 
We  had  valves  put  upon  the  pipes,  which  when  the  pumps 
are  at  work,  are  open,  and  when  from  any  cause  the  pumps 
are  not  at  work  these  valves  are  closed,  and  we  are  able  to 
keep  the  shaft  i>erfectly  dry.     (See  Plate  IL) 
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The  diameter  of  No.  1  Pit  is  18  feet  and  that  of  No.  2 
Pit  16  feet. 

Such  is  my  description  of  the  sinkings  at  Maypole  so  far 
as  they  have  progressed,  and  as  they  mean  not  only  the 
passing  through  of  the  whole  of  the  watery  strata,  but  in 
one  shaft  a  further  distance  of  200  yards  has  been  accom- 
plished, I  think  that  the  description  fairly  covers  the  work. 
We  have  been  fortunate — for  which  I  am  exceedingly 
glad — in  freedom  from  serious  accidents.  The  particulars 
embodied  in  the  section  will  supplement  the  remarks  which 
I  have  been  able  to  make  and  to  which  you  have  done 
me  the  honour  to  give  so  careful  an  attention. 
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MAYPOLE    COLLIERY. 

SECTION  OF  STRATA. 

No.  2  Prr  Shaft. 


in. 


TbiekneM  DistHioa 

Dbscbiptioh  of  Btbata.  of  tetw«6n 

Btrato.  Minea, 

Tdi.  ft.    !n.   Yds.   ft. 

Soil 0      1      0 

Clay      8     0     0 

Clay 600 

Sand  on  North  Side     2    2    0 

Clay 5     1     2 

Clay  and  Pebbles 0    2  11* 

Sand  on  North  Side 0     2     0 

Sand  and  Pebbles 1     0    9 

Very  Fine  Gravel 0     2  11* 

Sand      8     1     5 

Pebbles  and  Gravel 10     9 

Bed  Sandstone     10     2     3 

Do 116 

Do.  9    0     5 

White  Sandstone      0    0     2 

Bed  Sandstone      1     0     6 

Grey  Sandstone,  very  soft       ..008 

Bed  Saodstone      0     0     6 

Do 10     6 

Bed  Sandy  Metal 7     1     6 

Bed  Sandy  Metal 10     6 

Bed  Metal     0     1     6 

Bed  Sandstone,  with  grey  bauds 

and  metal  partings       . .      . .  3     0     0 

Bed  Metal 0     1     8 

Bed  Sandy  Metal,    with   grey 

bands 120 


Depth 

from 

Surface. 

Yds.    ft.    In. 

8 

1     0 

14 

1     0 

.... 

19 

2     2 

20 

2     U 

• . . . 

21 

2  10* 

22 

2  10 

26 

1     3 

27 

2     0 

38 

1     3 

39 

2     9 

49 

0     2 

49 

0     4 

50 

0  10 

50 

1     6 

50 

2     0 

51 

2     6 

59 

1     0 

60 

1     6 

61 

0     0 

64 

0     0 

64 

1     8 

66 

0     8 
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Bed  Metal 

Do.      mottled 

Bed  Metal 

Bluish  Grrey  Metal       

Bed  Metal 

Bed  Metal,  with  grey  sandstone 
bands 

Bed  Metal 

Do 

Do.     with  grey  bands     . . 

BedMetal     

Do.     with  grey  bands     . . 

BedMetal     

Bed  Sandy  Metal 

Bed  Sandstone  Rock 

Bed  Sandy  Metal 

Bed  Rock,  hard 

Bed  and  Bine  Metal. .      .... 

Bed  Sandstone  Rock,  very  hard 

BedMetal 

Bed  Sandstone  Rock,  very  hard 

Bed  Sandy  Metal 

Bed  Sandstone  Rock,  hard  .... 

Bed  Metal,  hard       

Bed  Sandy  Metal,  hard       

Bed  and  Blue  Metal 

BedMetal     

Bed  and  Blue  Metal 

Bed  and  Grey  Rock,  hard   

BedMetal        

Bed  Mottled  Rock        

BedMetal 

Do 

Bed  Metal,  with  bine  and  hard 
bands      
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ThiekneM  Dli 
of                 bet 

Strata.  M 
rda.   ft.    in.    Yds. 

10      0 

tanoe             Depth 

ween               from 

nee.              Surface. 

ft.  In.    Ydi.  ft.    in. 
....       67     0     8 

0      1 

8 

....       67     2     4 

1      1 

4 

....       69     0     8 

0      0 

4    .  . 

....       69     1     0 

1      0 

2 

....       70     1     2 

0     1 

2 

....       70     2     4 

0     1 

0 

...,       71     0     4 

0     0 

3 

....       71     0     7 

0     0 

6 

....       71     1     1 

I     0 

11 

...       72     2     0 

0     0 

6 

...       72     2     6. 

1     0 

5 

...       73     2  11 

3     2 

11 

...       77     2  10 

0     2 

6 

. ...       78     2     3 

0     1 

5 

. ...       79     0     8 

0     2 

9 

80     0     6. 

0     1 

7 

....       80     2     0 

0     1 

0 

...       81     0     0 

0     0 

2 

...       81     0     2: 

0     1 

2 

...       81     1     4 

0     2 

5 

...       82     0     9' 

1     2 

9 

...       84     0     6 

1     1 

3 

...       85     1     9- 

3     1 

5 

..,       89     0     2 

0     0 

8 

...       89     0  10 

2     1 

11 

...       91     2     9- 

0     1 

0 

92     0     9 

0     2 

5 

93     0     2 

0     0 

10 

93     1     0 

0     0 

4 

...       93     1     4 

0     1 

8 

94     0     0« 

0  .2 

3 

...        94     2     3 

5     1 

7 

100     0  10 
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ThIokneM 

DB8CUPTI0V  OF  Strata.  of 
Strata. 
Ydt.   ft.    in. 

Ited  Metal,  with  blue  bands ....  0     1     8 
Bluish  Bed  Metal,  with  round 

flat  fossils 5     0  10 

Hed  Metal 0     2     0 

Bluish  Red  Metal. .     ..     0     1     0 

Bluish  Grey  Sandstone     . .      . .  0     0     3 

Coarse  Red  Sandstone 4     0     3 

Red  Sandy  Metal 0     2     0 

Rod  Sandstone      2     1     7 

Do 3     0    0 

Do.              10     1 

Do 3     0     0 

Do.          soft       0     2     2 

Do 118 

Soindstone,  coarse  and  soft 0     0     6 

Sandstone,    finer    and   a   little 

harder 2     1     6 

Red  Sandstone      2     2     6 

Do 2     16 

Do.         with  water    0     2     9 

Soft  Red  Sandstone,  with  water  2     2     0 
Sandstone,  with  water     . .      . .  12     0 
Strong  Brown  Sandstone     ....  0     1     0 
Strong  Brown  and  Grey  Sand- 
stone        200 

Sulphur  Pebble  Bed     0     2     0 

Coarse    Red    Sandstone,     with 

water 103 

Do.              do.            do.  10     9 
White    Sandstone,    with    hard 

sulphur  bands 2     1     0 

Vaiiegated  Sandstone,  with  sul- 
phur bands « •  0     2     0 

Yariegated  Sandstone,  with  sul- 
phur bands        0     1     0 
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Dittuioe  Depth 

betwoen  from 

Minet.  Surface. 


Tda. 


In.    Ydt.  ft.  In. 

.       100  2  6 

106  0  4 

106  2  4 

107  0  4 
107  0  7 
111  0  10 
111  2  10 
114  1  5 


117  I 

118 

121 

122  0 

123  2 


5 
1  6 
1  6 

8 

4 


123  2  10 

126  1  4 

129  0  10 

131  2  4 

132  2  1 
135  1  1 
137  0  1 
137  1  1 

139  1  1 

140  0  1 

141  0  4 

142  1  1 

144  2  1 

145  1  1 
145  2  1 
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ThlckoeM  DiiUnoe             Depth 

DncHiPTiox  OP  Strata.  of  between              from 

Strata.  Mlnei.             Surface. 

Yds.   ft.    In.  Ydt.   ft.   in.    Ydi.   ft.    In. 

Hard    Brown  Sandstone,  with 

grey  bands  and  water  • .      . .  1     0     0  ....  146     2     1 

Strong  Bed  Sandstone  Rock 3     16  ....  150     0     7 

Bottom  of  Red  Sandstone,  last 

waicr     ••      ••      ••      .«      ••  ••••  ••••              a... 

Strong   White  or  Grey   Rock, 

with  hematite  floors 2     2     6  ....  153     0     I 

Coal  Msa  sures  : — 

Hard  Grey  Rock,  with  hema- 
tite partings      2     10  ....  155     1     1 

Hard  Grey  Rock      2     0     0         157     1     I 

Strong  Grey  Rock 12     6         159     0     7 

Bine  Metal,  coloured  with  red  1     0     0  ....  160    0     7 
Bed  Sandy  Metal,  with  band  of 

grey  rock 1     1     3  ....  164     1   10* 

Blue  Metal,  coloured  with  red 

and  strong  grey  rock  bands. .  2     Oil  ....  166     2     9« 
Blue  Metal,   strong,  with  grey 

rock  bands        2     0     0  ....  168     2     9 

Blue   Metal,  with   sandy  rock 

bands 12     0  ....  170     1     9' 

Blue  Metal,  coloured  red     ....  3     1     0  ....  173     2     9 

Blue  Metal       10     0         174     2     9 

Very  Fine  Fire  Clay,  soft    0     0     1         174     2  10 

Fire  Clay  or  Warrant       .,..207         177     0     5 

Blue  Sandy  Metal 10     4  ....  178     0     9 

Sandy  Metal  mixed  with  red  .,  1     0     8  ....  179     1     5 
Blue  Metal,  with  iron  hematite 

nodules       0     1     6         179     2  11 

Strong  Grey  Metal,  sandy,  and 

coloured  red Oil  ....  180     1     0 

Strong  Gr«y  Sandy  Metal    110  ....  181     2     0- 

Blue  Metal,  with  soft  variegated 

stripes  stained  with  red       ..710         189     0     0- 
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Dbscriptiov  of  Strata. 

Blue  Metal,  with  bastard  iron 

bands 

Dark  Shaley  Metal 

Dark  Shaley  Metal,  with  iron 

bands 

Hard  Kock  Bands,  basturd  and 

coarse 

Bock  Bands 

Good  Bed  Metal       

Metal  Mixed  with  Warrant .... 

Black  Bands,  coaly 

Blue  and  Bed  Metal     

Blue  Metal,  stained  with  red  . . 
Blue  and  Bed  Metal,  with  iron 

bands  and  hematite  floors. . . . 

-Coal 8  in. 

Band  or  Warrant  1 1  in. 

CJoal 7  in. 

Bed  and  Blue  Metal,  mixed. . . . 

Soft  Metal 

COAL 

Very  Soft  Metal       

Strong    Blue   or    Grey    Metal, 

with  sulphur  balls 

Blue  Metal        

Coal    . .     Oft.  lOin.  \ 
Warrant     1ft.     Oin. 
€oal    ..    Oft.     7in. 
Blue  Metal        . .      . 
Coal       ..      ..      .. 

Blue  Metal        . .      . 
Coal    ..   Oft.  3in.^ 
Warrant  1ft.  Oin. 
<!oal    . .    Oft.  5in. 


ThickneM 

of 
Strato. 
Tdi.   ft.    In. 


Dlitance  Depth 

between  from 

Minet.  Surface. 

Yda.   ft.   in.  Yds.   ft.    in. 


2      1       1 
1    .0      0 

1      2      0 


0 

1 

0 

1 

1 

0 

1 

2 

0 

1 

1 

6 

0 

2 

10 

4 

2 

0 

4 

1 

0 

3     1     6 


0     2     2 


1 

I 

1 

6 

0 

4 

1 

0 

4 

3 

2 

7 

1 

2 

9 

1 

2 

1 

0  2  5 

6  2  7 

0  1  0 

1  0  9 


0     1     8     1     0     9  238     0     8 


191 

1 

1 

192 

1 

1 

194 

0 

1 

194 

1 

1 

195 

2 

1 

197 

1 

1 

198 

2 

7 

199 

2 

5 

204 

1 

5 

208 

2 

5 

212 

0 

11 

213 

0 

1 

214 

1 

2 

220 

1 

6 

7  220 

2 

10 

224 

2 

5 

226 

2 

2 

228 

1 

3 

229 

0 

8 

236 

0 

3 

7  236 

1 

8 

237 

2 

0 
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Dmcbiptiom  07  Strata. 


ThJckneM 

of 
Strata. 
Ydt.   ft.    In. 

0 

I 


Warrant  and  Bad  Ground        . .  2 

Coal       ..      .. Q 

Fairly  Good  Blue  Metal  . .      ..4     1 

COAL 1     0 

Warrant 0     2 

Grey  Metal  incliued  to  Bed  with 

iron  bands  and  bastard  rock  1 

Grey  Metal  and  Bock      ..      ..  3 
White  Bock,  with  metal  floors 

indiDed  to  red 3. 

Grey  Bock,  with  soft  red  floors  5 

Coal 0 

Soft  Warrant        1 


7 

1 

1. 

1 

8 

11 
6 

0 
6 
2 
6 
6 
9 


Distance 

between 

MInee. 

Ydt.  ft.   In. 


2     0     7 


4     1     1 


Depth 

from 

Surface. 

Yds.   ft.    in. 

240      1      3 


240  2 

244  3 

245  3 
247  0 


255     1 


INCE 

yabdJ 


Stronger  Warrant 1 

Good  Bine  Metal 1 

Blue  Metal,  with  ironstone  bands 

and  nodules 4     0     3 

/Coal  . .  Oft.  2in. 
1 1ronstone  Oft.  3in. 
'Coal  .,  Ofb.  6in. 
Band  ..  Oft.  lin. 
(coal    ••    2ft.  5iin 

Warrant        ,  -,      0 

Coal  and  Dirt  and  Black  Bass. .  0 

Black  Bands  and  Grey  Metal  . .  4 

Hoo  Cannel  Coal 0 

Coal 0 

Warrant        0 

Black  Bass  and  Dirt 0 

Coal       0 

Black  Bass  and  Dirt 0 

Coal      0 

Bastard  Bock  and  Bocky  War- 

mt 0  2  0 


261 
261 
262 
264 


6 
0 

1* 
10 
9 
0 
9 
6 
6 
9 


249  0  1 
252  1  7 


7 
1 
3 
9 
3 


265  1  0 


269  1  3 


)  1  0  5i  23  0  9  270  1  8i 


271  0  2i 

271  1  2J 

275  1  4 

276  0  2 
276  0  11 

276  2  11 

277  0  8 
277  1  2 
277  1  8 

277  2  5 

278  1  5 
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DKacRiPTioir  of  Btbata. 

Strong  Orey  Rock    and    Burr 

Stone  mixed  up    . . 

Plaggy  Rock . .     • 

Grey  Metal,   with  rock  bands 

or  ^insey        

Grey  Metal,   with  rock   bands 

and  ironstone  bands 

Very  Dark  Metal,  with  thin  iron 

bands     

Very  Dark  Soft  Metal 

Black  Stone 

Ironstone  Band        

Coal      1ft.  Sin.) 

Dirt" 1ft.  Oin. 

Bass  and  Dirt     . .     1ft.  Oin. 
INCE  FOUR  FEET  COAL.. 

Strong  Warrant 

COAL       

Blue  Metal,  soft  and  jointy . . .  • 
Black  Bass  and  Blue  Metal  . . 
Black  Stone  and  BIujb  Metal  . . 

Very  like  Hoo  Cannel 

Black  Bass  and  very  soft  Ground 

Metal 

Bass  and  Soft  Metal    

(Coal      . .     1ft.  lin, 
Black  Dirt,  Oft.  4in. 
^  Coal      . .     1ft.  Oin.  I 


TbtokneM  Dlttanoe  Depth 

of  between  from 

Strata.  Mlnee.  Surface. 

Yds.  ft.    in.  Yds.  ft.   In.  Yds.   ft.    in. 


2 

2 

0 

•  •  •  • 

281 

0 

5 

1 

1 

7 

•  •  •  • 

282 

2 

0 

2 

0 

8 

• .  ■  • 

284 

2 

8 

6 

0 

0 

. .  *  • 

290 

2 

8 

4 

0 

R 

•  •  •  • 

295 

0 

4 

1 

0 

0  . 

•  •  •  • 

296 

0 

4 

0 

1 

9 

•  • .  • 

296 

2 

1 

0 

0 

3 

•  •  •  * 

296 

2 

4 

1     0     3 


7  FT. 


..Oft.  lin.  I 
1ft.  9in. 


Very  Strong  Warrant 
Flaggy  Rock..     .. 
Black  Bass  Soft 
Very  Strong  Linsey 


297  2  7 


1  1  9  27  0  lOJ  299  1  4 


3  0  10 

0  2  6 
3  0  0 

1  1  1 
1  2  0 
0  2  0 


302 
303 
306 
307 
309 
310 


2  2 
1  8 


8 
9 


1  9 
0  9 


3  2  6 
0  2  8 


314  0  3 

314  2  11 


1  1  3  15  1  7  316  1  2 


2  0  0 

0  1  0 

0  0  6 

4  2  6 


818  1  2 

318  2  2 

318  2  a 

323  2  Z 


Vol.  XXvi.]     SINKING  TWO  SHAFTS 
DncRiPTXoir  of  Strata. 

Very  Strong  Linsey,  with  iron 

bands 

Strong  Grey  Eock,    with  burr 

bands  and  balls  of  burr    .... 

BlsckBass        

Black  Stone,  like  Hoo  Cannel.  • 
Grey  Bock,   with   strong    iron 

bands 

Blue  Metal       

Bo.y      with  hard  iron  bands 

Black  Bass        

Coal.. 2ft.  2in.. 
Dirt.. Oft.  5in.        DIRT  or 
Coal.. Oft.  Tin. I    FURNACE 
Dirt.. Oft.  4in.  MINE. 

Coal..2ft.  4in.l 

Warrant 

Orey  Metal 

Black  Bass        

Do.,      Warrant  and  Dirt. . 
Black  Bass,  with  coal  partings 

and  dirt 

Coal 

Vamnt  and  Grey  Rock      

Harf  Grey  Rock,  with  strong 

bands 

Bine  Metal,  with  iron  bands  . . 
Do..       with  faulty  ground 

.Soft  Faulty  Ground 

Blue  Metal,  with  iron  bands  . . 

Cod 

Bin*  Metal  and  Faulty  Ground. 

Vary  Faulty  ground     

isoft  Metal,  with  iron  bands    . . 
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ThlckneM 
of 

Strata. 
Ydi.    ft.    in. 

Distance              Depth 

between               from 

Minet.              Surface 

Tdi.   ft.   in.    Ydi.   ft. 

in 

2     2 

0 

a    •    •    • 

326 

1 

2 

4     2 

0 

.    •    t   • 

331 

0 

2 

0     1 

3 

.... 

331 

1 

5 

0     2 

0 



332 

0 

5 

2     1 

0 

334 

1 

5 

I     1 

0 

•    •    .    • 

335 

2 

5 

1     1 

0 

.    •    •    . 

337 

0 

5 

1     0 

0 

.... 

338 

0 

5 

1     2 

10 

21     2     3 

340 

0 

3 

3     2 

0 

343 

2 

3 

2     0 

0 

345 

2 

3 

0     1 

0 

346 

0 

3 

0     1 

11 

346 

2 

2 

0     2 

4 

347 

1 

6 

0     1 

0 

347 

2 

6 

1     1 

0 

349 

0 

6 

4     2 

3 

353 

2 

9 

1     0 

6 

355 

0 

3 

1     0 

0 

356 

0 

3 

2     2 

0 

358 

2 

3 

i     2 

6 

360 

1 

9 

0     1 

I 

360 

2 

10 

1     1 

11 

362 

1 

9 

1     2 

0 

364 

0 

9 

1     0 

10 

365 

1 

7 
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ThiokneM 
Description  of  Stbata.  of 

Strata. 

Yds.   ft.  In. 

Warrant,  Metal  and  Iron  Nodules  2     0  2 

Strong  Grey  Metal 6     1  0 

Strong  Grey,   with  hard   rock 

bands,  or  flaggy,  or  Lime  and 

and  Wool      6     2  8 

Strong  Grey  Rock        7     2  1 

Hard  Grey  Eock,  with  burr  . .  14  1  0 
COAL  (PEMBERTON  FIVE 

FEET)      1     0  0 

WaiTant 10  0 

Black  Bass 0     2  0 

Strong  Rock  Bands 10  4 

Blue  Metal  and  Iron  Bands. ...  7     0  0 

Hard  White  Rock 0     2  0 

Faulty  Ground  and  Metal  ....  2  2  0 
COAL   (PEMBERTON    TWO 

FEET  and  FOUR  FEET)..  2     0  3 

Warrant        0     2  6 

Hard  Rock       6     1  6 

Coal      0     0  11 

Warrant 020 

Strong  Metal,  with  iron  bands.  115 

Do.          or  Linsey  . .      . .  2     1  0 

Hard  White  Rock       2     0  4 

Strong  Metal 0     1  8 

Coal       0     0  4 

Warrant 1     1  8 

Blue  Metal 1     0  0 

Blue  Metal,  full  of  hard  burr 

bullions 14     0  4 

Hard  Blue  Metal,  inclined  to 

rock 9     1  0 

Hard    Blue    Metal    and    rock 

bullions     8     2  5 


[Jan.,  1899, 

Distance             Depth 
between               from 
Mlnei.              Surface. 
Yds.   ft.   in.    Tdi.   ft.    in. 

• .  •  • 

367     1     9 

.... 

373     2     9 

380     2     5 

.... 

388     1     6 



402     2     6 

62     2     3 

403     2     6 

404     2     5 

405     1     6 

406     1  lO 

413     1   lO 

414     0  lO 

416     2  lO 

13     0     4 

419     0     1 

.... 

419     2     7 

• . . . 

425     1      1 

.... 

425     2     O 

. .  • . 

426     1     O 

.... 

427     2     ^ 

430     0      S 

.... 

432     0     9 

•  • .  • 

432     2     5^ 

•  •  • . 

432     2     9 

.... 

434     1     5^ 

.... 

435     1     d 

.... 

449     1     » 

. .  •  • 

458     2     » 

467     2     ^ 
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DESCBiPTioir  OF  Stbata. 


ThlckneM          Dlitance  Depth 

of                 between  from 

StrmU.               Mines.  Surface. 

Ydi.   ft.    !n.  Yds.   ft.   in.  Yds.   ft.    in. 


Hard  Blue  Metal  full  of  iron 

bullions     10  0     3 

Coal,  8  in v 

Dirt.  I  in I  0  16 

Coal,  9  in ) 

Varrant        0  2     3 

Hard  White  Eock 4  10 

StroDg  Metal,  inclined  to  rock.  10  0     0 

DtA  Metal 3  0     6 

Blue  Metal  and  Iron  Bands    ..800 

Bark  Metal       do.         do 4  0     3 

Coal 0  1     3 

Blae  Metal  with  Iron  bands  ..222 

Coal     0  0  11 

Warrant       0  0     7 

Coal      0  1     0 

Winant  and  Metal 10     6 

liffk  Metal 2  2     0 

C'ial 0  0     5 

MtMetal 0  0     4 

Coal 0  0     7 

I>irk  Metal 6  0     0 

C<«1 0  0     8 

^€t8l 0  0     6 

^<»1 0  0  10 

^mni      0  2     0 

I*«A  Metal  and  Iron  Bands    ..612 

C'^      0  1     0 

2^P«rry  Rock  and  rock,  incliDed 

to  burr  atone        2  2  10 

Metal  and  strong  iron  band 0  2  10 

FUsgrRock 12     8 

I>»kMetal 3  i     e 


..     477     2     5 
..     478     0  11 


479  0  2 
483  1  2 
493     1     2 


496 

1 

8 

504 

1 

8 

508 

1 

11 

509 

0 

2 

511 

2 

4 

612 

0 

3 

512 

0 

10 

512 

1 

10 

513 

2 

4 

516 

1 

4 

516 

1 

9 

516 

2 

1 

616 

2 

8 

521 

2 

8 

622 

0 

4 

522 

0 

10 

522 

1 

8 

523 

0 

8 

529 

1 

10 

529 

2 

10 

533 

0 

8 

534 

0 

6 

536 

0 

2 

539 

1 

8 
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Thickness 
Description  of  Strata.  of 

Strata. 
Yds.   ft.    In. 

Coal  1ft.  6 in.,  Dirt  Jin.,   Coal 

Djin.,  Warrant  6in.,  Coal  4in.     0     2  10 

Warrant        1     0     3 

COAL  (WIGAN  FIVE  FEET)     I     1     3 

Warrant        2     0     0 

Strong  White  Rock  and  Flaggy 

Rock      2     1     2 

Blue  Metal 7     0     5 

Coal 0     0  10 

Strong  Linsey,  inclined  to  rock. .      119 

Grey  Rock 3     0  10 

COAL   J  (WIGAN  FOUR  }  0     1  7) 
CANNELf     FEET)     f  2  0  3* 

Warrant        2     0     0 

Coal 0     1     8 

Warrant        0     2     5 

Blue  Metal        2     1   10 

WaiTant 023 

Strong    Blue    Metal  and    iron 

nodules      2     0     2 

Strong  Metal  and  iron  bands  ..420 
Black  Shale  and  iron  bands     ..210 

Very  Dark  Shale 1     1     6 

COAL  (WIGAN  SIX  FEET). .     1     2     6 

Warrant        0     2     9 

Soft  Shale 0     0     9 

Blue  Metal 2     1     6 

Do.,        and  iron  bands       ..610 

Metal  and  Iron  bands 1     2     0 

Strong  Metal,  with  iron  bands 

and  nodules 4     0     0 

Faulty  Ground     1     0   \0 

Coal 009 

Faulty  Ground,  fairly  good     ..512 
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Distance              Depth 
between               from 
Mines.              Surface. 
Yds.    ft.   in.    Yds.   ft.    in. 

.... 

540 

1     6 

.... 

541 

1     9 

122    1    8 

543 

0     0 



545 

0     0 

.... 

547 

1     2 

.... 

554 

I     7 

.... 

554 

2     5 

.... 

556 

1     2 



559 

2     0 

17    0  10 

562 

0   10 

564 

0   10 

564 

2     6 

565 

1   11 

568 

0     9 

569 

0     0 

571 

0     2 

575 

2     2 

578 

0     2 

579 

1      8 

581 

1     2 

582 

0  11 

582 

1     8 

585 

0     2 

591 

1     2 

533 

0     2 

597 

0     2 

598 

1     0 

598 

1      9 

603 

2  11 
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The  Chairman  (Mr.  W.  S.  Barreti)  :  I  am  quite  sure  that 
we  have  all  listened  with  very  great  interest  to  the  exhaustive 
/aper  which  Mr.  Keen  has  put  before  us.  It  seems  to  give 
the  romance  of  coal  mining.  Mr.  Keen  has  gone  on  with  the 
rort  when  most  men  would  have  thought  that  the  life  of  the 
affiery  was  exhausted ;  and  whatever  difficulties  have  arisen, 
iiehas  dealt  with  them  in  the  able  maimer  which  he  has 
'Wribed.  We  are  always  told  that  money  and  engineering 
can  oTercome  anything,  but  I  do  not  think  these  could  have 
ieea  of  avail  if  there  had  not  been  at  the  back  of  them  the  pluck 
and  the  work  which  distinguished  the  operations  we  have 
iad  described.  There  must  have  been  times  at  this  colliery 
^en  ilr.  Keen  would  have  been  very  nearly  hopeless,  but  on 
tich  occasion  of  apparent  disaster  he  rose  to  it  and  overcame 
ie  difficulties.  With  regard  to  the  engineering  part  of  the 
>per,  I  am  not  qualified  to  give  an  opinion,  but  I  cannot 
it  admire  the  spirit  of  the  work  which  has  been  done,  and 
I  *hink  Mr.  Keen's  concluding  remarks  show  that  he  has 
-'^  only  had  the  interest  of  the  Moss  Hall  Coal  Company  at 
-'i^,  but  has  kept  the  saving  of  himian  life  and  the  preven- 
'-  a  of  accidents  constantly  before  him.  Either  interest  is  a 
■•mble  responsibility,  but  when  both  are  combined  it 
>|uiTe8  great  determination  to  carrj'  on,  and  the  result 
^i^tbeagreat  satisfaction  to  Mr.  Keen  and  to  the  Moss 
m  Coal  Company,  as  it  is  to  us  here  this  afternoon.  Mr. 
-^n  has  also  given  us  a  good  deal  of  advice,  which  you  are 
•iite  able  to  appreciate,  namely,  to  have  the  best  of  every- 
ig  and  to  use  it  to  the  best  advantage. 

Mr.  J.  Dickinson  :  I  beg  to  move  that  the  thanks  of  the 
'''lety  be  given  to  Mr.  Keen  for  the  description  which  he 
ite  giTen  us  of  the  difficulties  that  he  has  so  successfully 
'jroonterrf.  I  wish  also  to  couple  with  the  vote  of  thanks 
-t  Dame  of  Mr.  Caldwell  for  the  facilities  which  he  and  Mr. 
^•^  have  afiorded  to  mining  engineers  generally  during 
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the  operations,  to  see  how  the  difficulties  were  met  with  in 
detail.  The  description  that  Mr.  Keen  haa  given  us  leads 
me  to  say  that  I  think  most  of  us  must  have  felt  that 
we  were  sitting  at  the  feet  of  a  Gamaliel  in  colliery 
sinking,  and  we  are  glad  to  find  that  this  winning  has 
been  brought  to  a  successful  termination,  and  that  a  bed  of 
Cannel,  which  is,  I  understand,  about  six  feet  in  thickness, 
has  been  met  with,  which  seems  in  all  likelihood  to  be  the 
means  by  which  the  great  expense  that  has  been  incurred 
will  be  re-imbursed,  and  the  owners  of  the  colliery  remuner- 
ated for  the  winning.  Among  the  details  which  Mr.  Keen 
has  enumerated,  many  of  them  are  novel,  but  one  which  is 
specially  emphasised  is  one  which  I  saw  in  operation  about 
45  years  ago  in  the  sinking  of  the  Astley  Pit  at  Dukinfield, 
where  they  endeavoured,  as  Mr.  Keen  has  endeavoured,  not 
only  to  carry  out  the  work  with  safety  to  human  life  but  also 
with  comfort  to  the  workmen,  so  far  as  was  possible  under 
such  disadvantageous  circumstances,  in  keeping  the  water  off 
their  backs  and  coming  down  upon  their  heads.  The  opera- 
tion I  allude  to  was  the  hanging  of  wooden  cases  one  b}'' 
one  imtil  they  got  down  to  a  good  foundation  for  the  brick- 
ing up.  I  do  not  think  they  carried  them  out  with  such 
detail  as  Mr.  Keen  has  carried  them  out,  as  I  understand 
from  his  description  he  actnally  made  junctions  of 
these  wooden  casings  in  sinking  below,  which  were 
watertight. 

Mr.  Keen  :  No  they  were  not  exactly  watertight ; 
but  they  were  so  fastened  that  no  water  fell  upon  the 
men. 

Mr.  Dickinson  :  They  were  sufficiently  tight  to  prevent 
anything  falling  from  the  sides  on  the  sinkers  P 

Mr.  Keen  :  Oh,  decidedly. 
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Mr.  J.  RiDTARD  :  I  have  great  pleasure  in  seconding  the 
motion.  I  think  this  is  an  occasion  on  which  we  should  all 
congratulate  both  the  Moss  Hall  Coal  Company  and  Mr. 
Keen  on  the  success  which  has  attended  their  labours.  We 
must  all  see  that  the  time  is  not  far  distant  when 
similar  sinkings  will  have  to  be  undertaken,  because  the 
coal  seams  near  the  surface  are  pretty  well  exhausted  in 
South  Lancashire,  and  this  being  a  pioneer  attempt  to  sink 
through  the  Bed  Sandstone,  it  is  an  event  on  which  the 
Company  and  Mr.  Keen  deserve  our  congratulations.  I  am 
sure  it  must  be  gratifying  to  the  Moss  Hall  Coal  Company, 
to  Mr.  Keen,  and  to  South  Lancashire  generally,  that  success 
has  attended  these  efforts. 

The  Chairman  ;  I  am  sure  we  all  congratulate  them  on 
the  sinkings,  and  wish  that  the  coal  and  cannel  they  have 
discovered  will  be  an  ample  reward  for  their  arduous 
labours. 

Mr.  Keen  :  I  am  much  obliged  to  you  for  the  very  cordial 
Tote  of  thanks  you  have  given  me.  I  have,  as  far  as  I  have 
been  able,  endeavoured  to  show  everyone,  who  has  wished, 
our  works  at  Maypole,  particularly  people  connected  with 
mining.  We  have  had  your  members  over  once,  and  I 
hope  we  may  have  them  again,  when  they  will  see  the  cannel 
workings  in  operation.  We  have  had  the  mining  students 
upon  many  occasions,  and  it  has  always  been  most  gratifying 
to  me  to  see  them  at  Maypole.  I  hold  that  the  only  good 
you  do  in  this  world  is  the  benefit  that  you  give  to  succeeding 
generations,  and  so  far  as  any  knowledge  that  I  have,  or 
any  information  that  I  have  got  during  the  sinking  of  these 
pits,  I  shall  be  very  glad  at  any  time  to  use  it  for  the  benefit 
of  my  fellow  members  of  the  mining  profession.  I  am 
very  much  obliged  to  you,  gentlemen,  for  the  vote  of 
thanks* 
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Mr.  H.  Hall  :  Might  I  suggest  that  the  discussion  on 
Mr.  Keen's  paper  be  adjourned.  Although  Mr.  Keen  has 
given  us  so  much  information,  I  think  with  a  little  more 
"  sinking  **  into  the  subject  we  may  find  some  more,  and  if 
we  adjourn  it  to  some  future  meeting,  we  shall  have  the 
pleasure  of  seeing  Mr.  Keen  again.  I  move  that  the  discus- 
sion be  adjourned  to  some  future  day. 

Mr.  J.  ToNGE  seconded  the  proposition. 

The  Chairman  said  it  would  be  wise  to  adjourn,  as  no 
doubt  an  interesting  discussion  would  arise. 

This  concluded  the  business  of  the  meeting. 


TRANSACTIONS 

OP  THB 

MANCHESTER   GEOLOGICAL   SOCIETY. 

Paht  v.  Vol.  XXVI.  Session  1898-99. 


The  Ordixart  Meeting  of  the  Members  was  held  on 
Tuesday,  February  14th,  1899,  at  the  Society's  Rooms, 
Queen's  Chambers,  5,  John  Dalton  Street,  Manchester. 

Mr.  John  Gerrard,  in  the  Chair. 


STRIATED  BOULDER  FROM   BLACKPOOL. 


Mr.  Joseph  Dickinson  exhibited  a  striated  boulder  from 
the  clay  at  Blackpool,  and  said :  I  have  brought  a  very 
good  sample  of  these  striated  boulders,  which  I  took  out  of 
the  clay  cUff  facing  the  sea,  near  the  Gynn,  when  I  was  at 
Blackpool  last  year.  The  stone  is  a  hard  blue  rock,  and 
the  gToovings  are  very  distinct ;  they  are  of  various  depths, 
and  some  of  them  are  straight,  whilst  others  are  slightly 
curved  ;  and  the  lines  cross  each  other  in  various  directions. 
The  striated  boulders  there  are  largely  of  Silurian  age. 


A   SEPTARIAN    NODULE. 


Mr.  Stirrup  exhibited  and  described  a  small  Septarian 
nodule,  from  the  Lias  of  Leicestershire,  which  disclosed  an 
exceptionally  fine    interior.      He   said :    Nodules   of    this 
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character  are  obtained  from  many  formations.  The  large 
specimens  exhibited  in  this  room  two  or  three  months  ago, 
were  from  the  Carboniferous  rocks ;  this  is  from  the  Lias 
clay.  Such  nodules  are  very  frequent  in  the  Jurassic  rocks, 
and  in  the  clays  of  the  Greensands  ;  they  are  also  found  in 
the  Eocene.  At  some  places,  Weymouth,  for  instance,  they 
are  polished  and  are  called  "turtle  stones,"  from  the 
supposed  resemblance  to  the  shell  of  the  turtle.  One  must 
suppose  that  this  nodule  has  dried  in  course  of  time,  and 
that  it  has  cracked,  as  day  will,  and  the  lime  has  either 
segregated  from  the  clay,  or  it  has  infiltrated  into  the  cracks, 
and  filled  them  up  with  calcite  in  the  beautiful  way  which 
we  see  in  this  little  hand  specimen. 

I  brought  it  in  order  to  show  that  these  nodules  are  not 
from  one  geological  formation  only.  Wherever  there  is  a 
marly  clay  they  may  be  found,  with  the  cracks  filled  with 
crystallised  carbonate  of  lime. 

Mr.  Barnes  :  It  is  not  always  carbonate  of  lime,  but  a 
mixture  of  carbonates  of  lime,  iron,  and  magnesia. 


THE    INTERNATIONAL    CONGRESS    OF 
GEOLOGISTS,    1900. 


Mr.  Stirrup  brought  before  the  members  the  preliminary- 
circular  giving  particulars  of  the  International  Geological 
Congress  which  is  to  be  held  in  Paris  during  the  exhibition 
year,  1900.  Excursions  have  been  arranged  to  different 
parts  of  France,  including  Auvergne,  the  Commentry  coal- 
fields, the  Rhone,  Pyrenees,  etc. 
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SINKING  THROUGH   HEAVILY  WATERED 
STRATA   AT   ABRAM. 


The  Chairman  said  they  would  all  much  regret  the  absence 
of  Mr.  Keen,  whose  paper,  read  at  Wigan — "  On  Sinking 
through  heavily  Watered  Strata  at  Maypole  Colliery,  Abram, 
near  Wigan," — they  were  to  discuss.  Any  member  who 
might  have  come  prepared  to  make  observations  or  ask 
questions  in  regard  to  Mr.  Keen's  paper  could  now  do  so. 

Mr.  James  Tonge  said  :  I  should  like  to  say  how  pleased 
I  was  to  hear  an  opinion,  which  I  have  held  for  a  long  time, 
confirmed,  but  which  was  disputed  at  a  meeting  here  a  few 
years  ago.  I  refer  to  the  "backing"  in  the  bricking  of 
shafts,  that  is,  what  you  may  put  behind  the  brickwork.  I 
remember  I  read  a  paper  on  sinking  a  pit  at  night,  and 
winding  coal  in  the  day,  and  I  mentioned  that  I  took 
particular  care  not  to  leave  any  spaces  behind  the  brick- 
work, and  not  to  have  any  loose  cinders  or  ashes.  I  was 
pleased  to  hear  Mr.  Keen  speak  so  strongly  on  that  point, 
and  to  recommend,  as  I  have  felt  for  years  should  be  done, 
that  everything  should  be  solid— either  bricks  or  mortar  or 
cement — ^all  round  the  shaft  behind  the  brickwork.  I  have 
been  in  shafts  on  several  occasions  when  bricks  and  ashes 
have  been  falling  from  behind  the  brickwork.  This  was 
clearly  traceable  to  the  practice  of  filling  the  space  behind 
the  bricks  with  ashes  and  other  loose  material,  a  practice 
whicli  no  one  who  has  been  in  the  position  named  would 
ever  recommend.  Whether  any  of  our  members  are  still  in 
favour  of  loose  backing  I  do  not  know,  but  I  am  as  strongly 
convinced  as  I  was  when  I  read  my  paper  that  on  no  account 
should  loose  material  be  used  for  filling  between  the  brick- 
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work  and  the  shaft  side.  I  remember  seeing  in  a  certain 
shaft,  20  yards  of  brickwork  come  out  all  at  once.  This 
was  chiefly  due  to  the  loose  backing. 

Mr.  Dickinson:  Mr.  Tonge  has  mentioned  one  of  the 
numerous  useful  points  in  the  paper.  What  he  advocates 
is  not  a  novel  thing.  It  has  been  the  practice  I  think,  for 
many  years,  in  this  district,  to  fill  up  solid  behind  the  brick- 
work in  pit  shafts,  and  indeed,  where  cinders  have  been 
used,  to  grout  them  with  cement  or  with  Ardwick  lime. 
Some  of  the  finest  shafts  have  been  set  with  Ardwick  lime, 
which  has  only  one  drawback,  namely,  that  it  is  rather  slow 
in  setting.  At  present  I  do  not  think  the  Ardwick  limestones 
are  being  worked,  as  the  proprietors  have  large  stocks 
on  hand  to  supply  the  demand.  One  part  Mr.  Keen 
mentioned  to  me  (I  do  not  think  it  appears  in  his  paper) 
was  that  as  soon  as  they  got  their  shaft  down  to  the  cannel 
coal,  which  is  6  ft.  3  in.  thick,  the  cannel  gradually  heated 
till  it  became  exceedingly  warm.  I  should  like  to  hear  if 
any  member  has  any  theory  to  offer  in  explanation  of  this 
Most  of  us  who  are  conversant  with  copper  mines  know  that 
a  chemical  action  takes  place,  and  the  water  and  air  become 
heated,  but  for  the  cannel  coal  to  heat,  as  Mr.  Keen  described, 
is  something  novel.  Another  point  which  I  have  many 
times  observed  is  that  when  coal  mines  have  been  sunk  to  a 
certain  depth,  the  temperature  is  much  higher  than,  say,  in 
an  ironstone  mine  of  the  same  depth. 

Mr.  Stirrup  :  I  suppose  the  loose  backing  which  Mr. 
Tonge  has  described  will  allow  of  the  accumulation  of  water 
behind  the  brickwork,  and  this,  I  suppose,  will  force  tli& 
bricks  out.  There  will  not  be  anything  specially  in  the 
cinders,  I  take  it,  to  cause  displacement  of  the  brickwork  ? 

Mr.  Tonge:  If  there  should  be  a  crushing  at  any- 
particular  point,   when  the   space  behind   the   brickwork 
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is  filled  with  mortar  or  cement^  and  all  made  solid, 
the  eide  of  the  shaft  is  not  affected,  for  it  is  lined  as 
with  an  iron  band.  A  loose  backing,  on  the  contrary,  offers 
scarcely  any  resistance,  and  a  stone  wedging  can  push  the 
brickwork  out ;  then,  when  holes  are  made  in  the  side,  the 
loose  material  is  let  out  and  falls  down  the  pit  shaft.  Mr. 
Dickinson  remarked  that  the  system  I  recommend  is  not 
modem — that  it  has  been  followed  for  some  time.  That  is 
80 ;  but  I  was  rather  taken  aback,  at  the  time  I  mentioned, 
upon  hearing  some  members  of  this  Society  contend  (and  if 
I  remember  rightly,  a  paper  was  read,  following  mine)  that 
loose  backing  was  better  than  solid. 

The  Chairman  :  I  hope  it  was  in  the  youthful  days  of  the 
Society,  for  I  think  we  are  most  of  us  of  opinion,  with  Mr. 
Dickinson,  that  if  not  obsolete  it  ought  to  be.  The  difference 
between  a  solid  backing  and  ashes  has  been  over  and  over 
again  proved.  With  reference  to  the  very  interesting 
observation  of  Mr.  Dickinson,  as  to  temperature,  I  am  sure 
that  might  be  submitted  to  our  next  meeting,  when  we  hope 
to  have  the  pleasure  of  Mr.  Keen's  presence.  The  splendid 
work  Mr.  Keen  has  done  has  excited  the  admiration  of 
the  whole  mining  world,  and  the  generous  way  in  which  he 
has  enabled  any  and  all  to  see  his  work — and  the  equally 
generous  way  in  which  he  has  contributed  information  to 
the  members  of  this  Society — ^must  meet  with  the  approval 
of  all  engaged  in  mining. 


Mr.  Burrows  having  temporarily  taken  the  Chair. 

Mr.   Gerrard  described  a   recent   outburst  of   gas   at 
i  Westleigh  Colliery. 
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AN    OUTBURST    OF    GAS   AT    WESTLEIGH 
COLLIERY. 

By  Mr.  John   Gerhard. 


There  is  nothing  new  in  the  fact  of  an  outburst  of  gas. 
Such  occurrences  have,  from  time  to  time,  been  brought 
before  meetings  of  mining  engineers,  and  it  is  the  beKef 
that  they  should  be  recorded  which  has  led  me  to  prepare 
this  short  communication  for  the  Society.  It  is  of  importance 
to  preserve  these  records;  they  help  to  strengthen  the 
hands  of  those  in  charge  of  mines — ^managers  and  mining 
engineers — and  show  the  advantage  and  importance  of  the 
safe  lighting  of  mines,  the  use  of  safe  explosives,  and  the 
maintenance  of  strict  discipline;  for,  as  these  outbursts  have 
occurred  in  mines  where  they  were  little  expected,  so  they 
may  occur  again  in  other  mines.  Many  of  the  outbursts 
which  have  been  recorded  may  be  said  to  be  ordinary  ones, 
arising  from  accumulations  of  fire-damp  in  cavities  formed 
by  the  ordinary  working  of  the  mines,  and  generally  in 
the  floor.  The  outburst  at  the  Westleigh  Colliery  in 
December  last,  however,  may  be  described  as  extraordinary. 
It  occurred  in  the  Wigan  4ft.  mine,  on  the  16th  December, 
1898,  about  2-30  p.m.  James  Armstrong,  collier,  left  his 
working  place,  having  finished  work,  the  place  being  a 
level,  eight  feet  wide,  the  face  all  squared  off.  When 
travelling  outbye  with  others,  at  about  320  yards  from  his 
place  he  heard  a  report,  and  felt  the  air  current  they  were 
travelling  against,  checked ;  they  spoke  of  it  as  being  like 
a  blown-out  shot  somewhere,  or  a  large  fall  of  roof.  They 
went  out  without  nutking  any  report  to  the  officials.  The 
shock  was  felt  by  a  boy  1000  yards  outbye.  No  official  had 
cause  to  go  near  the  place  until  about  2-40  a.m.  the  next 
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day,  when  the  fireman,  Bernard  Heaton,  approached  the 
place  on  his  round  of  examination,  prior  to  the  entry  of 
the  colliers.  Heaton  found  the  brattice  cloth  down  30  yards 
from  the  face,  the  rails  all  disturbed,  being  in  a  zig-zag 
position;  pieces  of  stone  and  coal  lay  on  the  floor.  As  he  got 
nearer  to  the  face,  the  debris  got  thicker,  and  the  pieces  of 
stone  and  coal  larger,  until  he  was  stopped  some  yards  from 
the  face,  the  place  being  full  of  fire-damp.  Subsequently, 
on  the  ventilation  being  restored,  examinations  showed  that 
some  tons  of  coal  and  rock  had  been  blown  from  the  solid 
at  the  right  hand  corner  of  the  level.  Three  days  after- 
wards, fire-damp  was  found  very  strong  in  the  cavity. 
The  place  was  allowed  to  stand  until  an  opening  was  driven 
through  from  the  level  below.  When  this  was  completed, 
on  the  11th  of  February,  it  was  possible  to  remove  the  pieces 
of  stone,  and  on  the  13th  of  February,  the  place  was 
explored.  It  was  found  that  solid  coal  had  been  expelled 
from  the  higher  side  of  Armstrong's  working  place,  for  a 
distance  of  seven  feet,  forming  a  space  five  feet  in  width. 
At  the  back  of  the  space  was  a  fault,  a  down  throw 
of  three  feet.  In  the  roof  was  a  cavity  extending 
upwards  from  the  floor  29  feet,  the  top  not  being  reached. 
Firedamp  was  very  strong  in  the  cavity.  As  before  stated, 
pieces  of  rock  were  found  30  yards  from  the  face,  some  of 
the  pieces  being  several  pounds  in  weight.  Nearer  to  the 
face  the  debris  lay  in  a  thick  continuous  layer.  One  piece 
of  coal,  five  yards  from  the  face,  was  about  the  thickness  of 
of  the  seam,  3  ft.  6  ins.  deep.,  2  ft.  4  ins.  wide,  and  from 
front  to  back,  15  ins.  Another  piece  of  coal,  six  yards  from 
the  face,  was  26  ins.  X  26  ins.  X 14  ins.  Several  of  the  pieces 
of  rock  would  probably  weigh  three  or  four  cwts.  Two  yards 
from  the  face  was  a  piece  of  rock  3ft.  lOins.  X  2ft.  X  1ft.  4ins. 
Xear  by,  another  piece,  2ft.  2ins.  X  1ft.  5inX  1ft.  4ins.  Water 
was  given  off,  about  20  tubs,  or  about  2,000  gallons  of  water 
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collected,  and  probably  half  that  quantity  may  have  soaked 
into  the  floor.  The  sides  of  the  place,  and  all  the  props  on 
the  face  side,  had  the  appearance  of  being  whitewashed, 
being  coated  with  a  white  sandy  deposit. 

When  Armstrong,  the  collier,  ceased  work,  the  coal  face 
was  squared  up,  no  holing.  A  little  water  was  trickKng 
from  the  higher  side  corner,  making  about  a  tub,  or  109 
gallons,  in  eight  hours.  This  water  had  been  made  for 
several  days,  gradually  increasing  in  quantity.  At  about 
sixty  yards  from  Armstrong's  place  on  the  one  side,  the 
downthrow  fault  was  proved  in  a  brow  on  1st  July  last, 
firedamp  being  given  oflE ;  on  the  4th  of  August  the  fault 
was  bared  in  the  back  brow.  Jonathan  Simpkin,  the  collier, 
states  that  a  spurt  of  water  struck  him  on  the  chest,  and 
firedamp  put  out  his  light.  About  120  yards  on  the  other 
side,  the  lower  side,  a  large  upthrow  fault  has  been  bared 
but  not  proved.  There  are  about  200  yards  of  solid  coal  on 
the  outbye  side  of  the  fault  in  Armstrong's  place,  the  fault 
being  that  distance  from  the  boundary  of  the  royalty.  The 
Heyfield  drawing  pit  and  downcast  shaft  is  410  yards  deep, 
Armstrong's  place  is  about  750  yards  on  the  dip  of  the  shaft, 
and  along  the  level,  so  that  at  that  point  there  may  be  about 
535  yards  of  cover  to  the  surface.  The  seam  dips  about 
1  in  6.  Neither  the  seam  above  (the  Wigan  four  feet), 
nor  the  seam  below  (the  Wigan  six  feet)  has  any  goaf  near 
to  Armstrong's  place.  Whilst  no  evidence  was  obtained  of 
the  volume  of  firedamp  given  off,  it  is  obvious  from  the 
pressure  exerted  there  must  have  been  a  considerable 
amount.  It  is  certain  that  James  Armstrong  had  a  marvellous 
escape,  for  had  the  outburst  occurred  a  few  minutes  earlier, 
when  Armstrong  was  at  the  face,  he  would  in  all  probability 
have  lost  his  life. 

After  examination  of  the  coal  and  stone  found  in  the 
level,    it    appears   probable    some    twelve   tons   had  been 
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expelled.  This  would  be  solid  material,  and  points  to 
enormous  force  having  been  exerted.  It  would  also  appear 
that  a  space  of  certainly  500  cubic  feet  exists,  showing  that 
there  may  have  been  a  cavity  approaching  in  content  300 
cubic  feet. 

The  following  is  taken  from  the  section  found  in  sinking 
the  Heyfield  shaft : — 

Tarda.  Feet.   Inchet. 

Metal 6  0  0 

Coal        0  0  3 

Bass,  etc 1  2  0 

Coal 0  0  3 

Warrant 1  0  6 

Rock       7  1  6 

Wigan     (Coal 0       14 

four  feet   |  Band  Dirt      0       0       1 

seam.      ( c^al 0       2       5 


The  Chairman  (Mr.  Burrows)  said :  I  am  sure  we  are 
very  much  obliged  to  Mr.  Gerrard  for  his  very  interesting 
paper.  I  can  quite  echo  what  he  said  about  good  safety 
lamps  and  discipline.  I  think  it  was  at  the  Oaks  Colliery 
that  an  explosion  was  caused  by  an  outburst  of  gas  from 
the  floor.  My  own  practice — and  I  recommend  it  to  anyone 
who  has  not  done  it — ^is,  to  look  at  the  section  of  the  strata 
sunk  through,  in  commencing  a  new  mine,  and  spend  a  little 
money  in  boring  both  up  and  down.  We  have  done  it 
flometimes  with  no  result  whatever ;  in  other  cases  we  have 
found  a  large  amount  of  gas ;  but  I  think  it  is  a  simple  and 
necessary  protection,  and  will  pay  for  itself.  It  is  very 
pleaedng,  in  one  sense,  that  the  cause  of  this  has  been 
bottomed,  because,  in  some  other  outbursts  the  source  of  the 
gas  has  not  been  found. 
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We  have  been  driving  a  level  tunnel  lately,  I  may  say, 
apropos  of  these  sudden  outbursts,  in  exceedingly  hard 
rock ;  it  broke  our  drills,  sometimes  two  or  three  times  in 
a  shift.  The  roof  and  face  had  to  be  spragged  because 
the  rock  kept  flying  ofE  without  warning,  yet  it  was 
so  hard  we  could  with  difficulty  temper  our  drills  to  face  it. 
No  gas  was  ever  seen  in  the  tunnel,  yet  pieces  of  rock  were 
forced  off  six  or  nine  inches  thick,  and  a  yard  square ;  and 
that  bears  out  an  idea  I  have  long  had,  that  in  many  of 
these  cases  it  has  been  due  to  some  peculiar  condition  of 
compression  in  cooling,  just  as  in  a  cast-iron  fly  wheel, 
sometimes  the  rim  will  fly  without  any  apparent  reason. 
In  my  opinion  this  rock  must  be  strained  in  a  similar 
manner,  and,  having  no  elasticity,  it  breaks  away.  Some 
of  the  men  had  narrow  escapes  of  being  seriously  hurt 
before  the  danger  was  realised.  In  most  cases  there 
were  not  more  than  24  yards  of  superincumbent  strata  to 
a  coal  place  above^  so  that  I  think  it  could  not  have  been 
the  weight  above  that  caused  the  fractures;  pieces  fell 
from  the  roof  and  sides  even  in  the  hardest  rock.  If 
gentlemen,  who  have  the  same  chances  as  Mr.  Gerrard  of 
noting  these  outbursts,  would  kindly  give  us  their  inform- 
ation, as  practical  men,  it  would  be  put  to  good  use ;  and  I 
am  sure  Mr.  Gerrard  will  be  glad  to  hear  any  criticisms 
that  may  be  offered  on  his  paper.  Mr.  Gerrard  pointed  out 
in  the  section,  an  area  where  the  coal  had  been  all  crushed. 

Mr.  Athbrton  said :  I  have  not  had  experience  of  such 
an  outburst,  but  the  description  Mr.  Gerrard  has  given  has 
been  most  interesting  to  me.  I  have  occasionally  come  upon 
coal  in  a  mine,  which  has  been  soft,  as  if  crushed,  but  from 
no  apparent  cause.  This  has  occured  forty  or  fifty  yards 
from  any  fault.  I  never  could  account  for  it,  because  every- 
where else  the  coal  was  perfectly  solid.  Probably  others 
may  have  had  experience  of  the  same  thing. 
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Mr.  Dickinson  :  It  is  very  satisfactory  that  Mr.  Gerrard 
has  brought  such  a  case  before  the  Society.  It  is  now  some 
years  since  a  similar  outburst  was  recorded,  though  I  have 
no  doubt  some  have  occurred  in  the  interval ;  and  if  they 
may  not  have  resulted  in  serious  accidents  it  is  due  to  the 
improved  state  of  safety  lamps  at  the  present  time.  On  that 
point  we  owe  a  deep  debt  of  gratitude  to  M.  Marsaut  for  the 
lamp  which  bears  his  name.  When  the  explosion  took  place 
at  the  Altham  Colliery,  the  current  was  too  strong  for  the 
Davy  lamp  to  resist,  and  the  flame  passed  through  the  gauze. 
Xearly  all  the  men  had  escaped  before  this  happened,  and 
were  running  out  with  their  lamps  full  of  fire.  We  had  no 
practicable  lamp  at  that  time  as  a  substitute  for  the  Davy. 
The  Marsaut  had  just  come  out,  and  it  had  not  been  tested. 
The  Woolwich  authorities  had  taken  the  only  testing  machine 
we  had  away  from  Wigan — one  that  Mr.  Smethurst  intro- 
duced— ^and  they  kept  the  experiments  at  Woolwich  secret, 
and,  though  they  had  tested  the  Marsaut  lamp,  they  would 
not  give  us  any  information  till  their  report  came  out.  T 
took  the  Marsaut  to  South  Wales,  to  the  Celynen  Colliery, 
where  safety  lamps  were  tested,  before  being  used,  on  every 
shift.  The  Marsaut  stood  the  test  except  that  when  placed  in  a 
mixture  of  gas  a  little  blue  flame  remained  up  in  the  top  of 
the  lamp,  in  the  gauze.  By  contracting  the  supply  of  air 
to  the  lamp  we  were  enabled  to  prevent  that  little  blue  flame 
from  remaining  there.  But  it  interfered  with  the  light  given 
by  the  lamp,  and  although  the  flame  was  there  it  was  found 
to  be  practically  harmless.  That  lamp  was  introduced  at  the 
Altham  Colliery,  and  it  is  used  there  still.  Now  there  are 
thousands  of  Marsaut  lamps  in  use  in  this  country.  Some 
little  improvements  have  been  introduced,  and  the  name  is 
bdng  changed,  but  it  must  be  admitted  that  we  owe  a  great 
debt  of  gratitude  to  M.  Marsaut.  I  have  thought  that  he 
ooght  to  be  proposed  for  election  as  an  honorary  member  of 
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this  Society.     He  introduced  the  lamp  and  got  neither  fee 
nor  reward  for  it.     It  is  true  he  took  out  a  patent,  but  that 
patent  had  in  one  respect  been  anticipated  by  Mr.  Smethurst, 
and  the   patent  was  therefore  declared  invalid.     The  fact 
Mr.  Burrows  mentioned  of  solid  rock  giving  way  is  rather 
unusual,  for  we  generally  find,  except  in  some  cavity,  that 
the  rock  stands.     We  do  know  that  at  great  depths  the 
pressure  of  the  fire-damp  is  that  of  many  atmospheres,  and 
that  alone  perhaps  might  be  sufficient  without  any  other  cause. 
It  IB  something  new,  and  one  can  hardly  ofEer  any  opinion 
upon  it.    Mr.  Gerrard,  referring  to  the  chasm  caused  by  the 
outburst  at  Abram,  said  that  he  used  a  pole  but  failed  to 
reach  the  top.     I  remember,  early  in  the  fifties,  a  similar 
outburst  occurred,   accompanied  by  an  explosion,   at   the 
DyfPryn  Collieries.    We  got  the  longest  pole  we  could  find 
in  the  mine,  but  could  not  reach  the  top  there.    The  practice 
of  boring,  which  Mr.  Burrows  mentioned,  is  an  old  one  in 
this  country.     When  I  came  here  they  were  doing  it  in  the 
St.  Helens  Colliery  ;  they  were  boring  in  the  roof  to  prevent 
gas  from  forcing  the  timber  down ;  and  I  think  we  have  had 
before  noticed  in  this  Society  the  great  quantity  of  gas  that 
was  made  in  the  Trencherbone  Mine.     The  Wigan  Coal  and 
Iron  Company  put  bore  holes  down  twenty  yards  because 
the  gas  was  lifting  their  floors.     The  quantity  of  gas  that 
came  ofE  was  found  so  inconvenient  that  they  put  in  stop 
cocks  by  which  it  was  allowed  to  escape  only  when  the  men 
were  out  of  the  mine.     It  blew  off  like  steam  from  a  safety- 
valve.     But  after  a  few  weeks,  or  months,  the  gas  was  aU 
drained  off,  and  fresh  holes  were  made  as  the   workings 
advanced,  and  they,  in  that  way,  kept  the  Trencherbone  seam 
clear  of  gas,  and  I  think  got  through  without  any  accident 
whatever.     It  was  a  source  of  great  interest  at  the  time. 

Mr.  Mathews  :  Have  any  of  the  seams  been  workc^d 
beyond  the  fault,  draining  any  gas  P  Or  is  that  the  first 
seam  worked  across  the  listing  of  the  fault  P 
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Mr.  Gerrard  :  The  Westleigh  Colliery  is  immediately 
to  the  east  of  our  boundary.  On  the  west  side  you  have  the 
Abram  Colliery,  where  I  fancy  the  Company  work  the 
Wigan  four  feet  for  that  excellent  seam  of  cannel  coal. 
But  what  I  was  anxious  to  know  was  the  distance  between 
the  scene  of  this  outburst  and  where  workings  might  possibly 
be ;  and  I  am  absolutely  certain  that  there  are  200  yards  of 
solid  coal  up  to  the  boundary  of  this  royalty.  What  haa 
been  done  on  the  other  side  of  that  boundary  I  do  not  know. 

A  Member  asked  if  the  coal  was  not  worked  in  any  of  the 
seams  above  the  fault ;  or  was  it  all  solid  P 

Mr.  Gerrard  :  It  is  practically  solid.  The  seam  above 
is  the  Wigan  5  ft.,  which  is  not  extensively  worked  near 
there ;  but  I  am  sure  there  is  a  solid  area  roimd  the  scene  of 
this  outburst  in  the  Wigan  4  ft. 

Mr.  Mathews  :  In  the  Wigan  district,  a  short  time  back,, 
a  firm  had  bored  a  hole  through  a  break  in  the  roof.  The 
fireman  could  not  put  his  safety  lamp  to  examine  higher  up 
the  cavity  than  the  height  of  the  bore-hole,  and  he  thought 
it  would  be  safe  to  fire  a  shot,  but  he  afterwards  found  that 
there  was  a  little  gas,  which  exploded,  above  the  line  of  the 
bore-hole.  It  shows  how  necessary  it  is  to  be  careful  where 
there  is  a  break  in  the  roof  when  shot-firing. 

Mr.  Burrows  said :  I  am  afraid  Mr.  Dickinson  did  not 
quite  understand  me  about  the  gas,  and  the  splitting  off  of 
portions  of  hard  rock.  I  should  have  thought  it  was  gas 
myself,  only  this  is  a  level  tunnel  working  imder  the  engine- 
brow,  and  exactly  imder  the  place  worked  some  months 
before.  If  it  had  been  a  new  tunnel,  or  virgin  groxmd,  we 
should  almost  have  been  forced  to  the  conclusion  that  it  was 
gas,  but  of  this  we  found  not  a  trace.  If  all  the  outbursts 
had  been  recorded  which  have  occured  during  the  last  20  or 
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30  years,  people  would  shudder  to  think  what  imminent 
risk  there  had  been  of  explosions.  I  think  it  was  Mr. 
Dickinson  who  first  brought  the  Marsaut  Lamp  to  these 
meetings.  As  soon  as  we  saw  it,  we  fitted  our  colliery  with 
it  from  top  to  bottom,  and  displaced  the  Mueslers,  which 
had  served  us  well  for  some  time.  I  have  pleasure  in  moving 
that  our  best  thanks  be  given  to  Mr.  Gerrard  for  his  paper. 

Mr.  Dickinson  :  I  have  much  pleasure  in  seconding  that 
motion,  and  I  hope  it  is  not  by  any  means  the  last  paper  he 
will  favour  us  with. 

The  vote  of  thanks  was  passed  unanimously.  Mr.  Gerrard 
briefly  responded,  and  the  business  of  the  meeting  concluded. 


Mr.  Gerrard  has  since  supplied  the  following  notes  on 
an  outburst  of  fire-damp  at  Blainscough  Colliery. 
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NOTE    ON    AN    OUTBURST    OF    FIRE-DAMP    AT 
BLAINSCOUGH    COLLIERY. 

By  Mr.  John   Gerrard. 


On  the  6th  of  November,  1897,  about  1-30  a.in.,  in  the 

Arley  Mine,  Welch  Whittle,  in  the  main  level,  530  yards 

from  the  shaft,  in  a  wide  workplace,  whilst  three  men  were 

engaged  packing  the  waste,  the  roof  began  to  weighten, 

props  cracked   and  the   floor  heaved  alongside   the  face. 

There  was  a  loud  hissing  noise,  like  unto  the  blowing-ofp 

of  steam.     This  lasted  about  three  minutes ;  all  their  lights 

were  put  out  and  there  was  a  strong  smell.     When  the 

roof  had  quietened,  the  men  crept  out  of  the  place,  and  the 

leader  went  to  see  after  twelve  other  men,  employed  on  their 

return  side.     These  men  were  met  making  their  way  out, 

all  their  lights  having  been  extinguished.     The  fireman 

being  sent  for,  an  examination  of  the  return  was  made. 

Near  to  the  upcast  shaft,  the  return  was  found  to  be  charged 

with  firedamp.     After  placing  a  man  in  charge  of  the  doors 

leading  to   the   return,   to   prevent   anyone   entering,   the 

fireman  went  to  examine  the  working  place  whence  the  gas 

came.     The   whole   of   the   face   above   the  level  and  on 

the  return  side  was  found  to  be  charged  with  gas.     The 

manager  and  under-manager  were  sent  for.     By  the  time 

they  arrived,  about   3   a.m.,  the   gas   had  cleared   away; 

careful  examination  proved  the  mine  to  be  quite  clear,  and 

the  places  all  safe.     From  a  crack  or  break  in  the  floor  gas 

was  issuing,  but  not  more  than  could  be  diluted  by  the  air 

passing  through  the  place.     About  11,000  cubic  feet  of  air 
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per  minute  passed  through  the  working  place,  and  about 
33,000  cubic  feet  passed  along  the  return  to  the  upcast 
shaft.  The  lamps  in  use  were  Meuseler,  without  shield. 
For  a  short  time  previous  it  had  been  noticed  that  the  roof 
and  floor  had  changed  somewhat,  the  roof  being  stronger, 
the  floor  weaker.  This  was  further  shown  by  the  floor 
heaving.  After  this  warning,  whilst  the  floor  continued 
to  heave,  bore  holes  were  systematically  put  down  to  relieve 
any  gas  and  prevent  an  accumulation. 


TRANSACTIONS 

OF  THB 

MANCHESTER    GEOLOGICAL    SOCIETY. 

Pakt  VI.  Vol.  XXVI.  Sessioit  1898-99. 

The  Ordinary  Meeting  of  the  Members  was  held  on 
Tuesday,  March  14th,  1899,  at  the  Society's  Rooms, 
Queen's  Chambers,  5,  John  Dalton  Street,  Manchester. 

The  President,  Mr.  Clegg  Livesey,  J.P., 
in  the  Chair. 


NEW  MEMBERS. 


The   following  gentlemen  were  balloted   for   and  dulj* 
elected  Members  of  the  Society : — 

Mr.  Oswald  B.  Leigh,  Stoneleigh,  St.  Anne's-on-Sea. 
Mr.  A.  E.  Tansley,  Springfield  House,  Coppull,  Chorley. 
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THE  EARTHQUAKE  OF   FEBRUARY  27th. 


Mr.  Mark  Stirrup  called  attention  to  the  shock  of  earth- 
quake which  was  felt  over  a  limited  area,  near  Manchester, 
on  the  evening  of  Monday,  February  27th.  He  said  :  Some 
of  us  were  astonished  about  a  fortnight  ago  (on  reading  our 
morning  paper)  to  learn  that  an  earthquake  had  been  felt  in 
this  district,  and  chiefly  in  the  Pendleton  area.  From 
paragraphs  in  the  newspapers,  and  from  personal  talk 
amongst  our  friends,  it  would  appear  that  little  is  popularly 
known  with  regard  to  earthquakes — that  is,  as  to  their  cause 
or  probable  origin.  Some  ten  years  ago,  on  February  10th, 
1889,  an  earthquake  shock  occurred  in  the  same  neighbour- 
hood, but  of  greater  intensity,  and  extending  to  Bolton, 
Chorley,  and  beyond,  which  was  very  largely  commented 
upon  in  the  press.  This  recent  one  has  been  apparently 
much  more  local  in  extent.  It  was  felt  at  Prestwich,  as  a 
friend  informs  me,  but  the  newspaper  paragraphs  refer  only 
to  the  neighbourhood  of  Pendleton,  Seedley,  and  a  little 
further  out  in  that  direction  as  far  as  Pendlebury.  The 
popular  idea  is  that  earthquakes  are  in  some  way  connected 
with  volcanic  eruptions,  but  as  our  district  is  a  non- volcanic 
one,  and  these  earthquakes  are  entirely  local,  for  they  cannot 
be  shown  to  have  had  connection  with  any  distant  or  Con- 
tinental disturbance ;  that  is  to  say,  they  cannot  be  the 
dying-out  vibrations  of  some  impulse  which  had  its  origin 
in  some  volcanic  area.  We  must,  therefore,  try  to  find  out 
some  other  cause  to  account  for  them. 

There  is  a  reasonable  geological  theory,  which  we  may  quite 
accept  until  something  better  appears  to  take  its  place,  that  all 
these  earthquakes  in  non-volcanic  areas  have  an  intimate 
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relation  to  the  geological  structure  of  the  district.  It  is  well- 
known  to  all  geologists  that  we  have,  in  the  neighbourhood  of 
Pendleton,  an  extensive  faulting  of  the  strata  which  has 
been  proved  in  working  many  of  the  coal  mines  of  the 
neighbourhood ;  it  is  known  as  the  great  IrweU  Valley  f aidt. 
There  has  been  a  dislocation  of  the  strata  at  some  far  back 
period  of  geological  time. 

We  find  that^  these  earthquakes  occur  along  the  lines  of 
that  dislocation,  as  a  rule.  The  late  Mr.  John  Knowles,  in 
a  paper  which  I  remember  he  read  to  us  in  the  year  1889, 
on  the  earthquake  of  that  year,  stated  the  results  of  inquiries 
as  to  the  extent  to  which  the  vibrations  were  felt  under- 
ground, at  considerable  depths.  The  paper  was  read  on 
ilarch  12th,  1889,  and  it  is  somewhat  of  a  coincidence  that 
it  should  have  been  just  ten  years  ago.  A  few  days  ago  I 
wrote  to  Mr.  Bramall,  the  general  manager  of  Messrs. 
Knowles's  collieries,  who  is  a  member  of  this  Society,  to  ask 
whether  any  effects  had  been  felt  underground  on  the  recent 
occasion  in  the  mines  under  his  control.  He  wrote  me  in 
reply  as  follows  : — 

Shade  Houjse,  Pendlebury, 

Near  Manchester, 

nth  March,  1899. 
Dear  Mr.  Stibbup, 

In  reply  to  your  enquiry  about  the  earthquake,  I  am  informed  it 
was  felt  underground  at  Pendleton  Colliery.  Some  falls  of  roof  took 
place,  and  raised  a  cloud  of  dust  which  put  the  workmen's  lamps  out 
and  created  some  alarm.  The  men  were  quickly  re-assured,  and 
having  re-lighted  their  lamps,  resumed  work  as  usual. 

The  shock  and  noise  were  distinctly  felt  and  heard  in  Whit  Lane, 
Pendleton ;  near  Agecroft  Hall ;  at  my  house  here ;  and  at  one  of  my 
official's  residence  near  Swinton  Station. 

Yours  faithfully, 

Henry  Brakall. 
Mabx  Stibbxtf,  Esq. 
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In  the  mine  referred  to  they  are  working  at  the  con- 
siderable depth  of  1100  yards.  These  seismic  phenomena, 
there  is  reason  to  believe,  are  primarily  induced  by  some 
shrinkage  or  contraction  in  the  strata,  causing  movement 
and  friction,  the  attendant  sounds  and  vibrations  being 
undoubtedly  propagated  for  some  distance,  and  felt  above 
ground  as  shakes.  I  sent  all  the  information  I  could  collect 
about  the  earthquake  ten  years  ago  to  Mr.  C.  Davison,  of 
Birmingham,  whose  pamphlet,  subsequently  published,  on 
British  Earthquakes  of  1889  I  hold  in  my  hand.  There  is 
a  paragraph  or  two  in  it,  the  substance  of  which  I  would 
like  to  quote  as  supporting  the  theory  I  have  referred  to  as 
the  probable  cause  of  these  local  earthquakes. 

Mr.  Davison  remarks  that  this  interesting  earthquake 
(1889)  affected  a  district  for  the  most  part  thickly 
populated,  and  the  accounts  of  it  are  consequently  numerous. 
Considering  the  smallness  of  the  area,  few  previous  earth- 
quakes have  afforded  materials  so  abundant  for  the  seismo- 
logist. 

The  seismic  focus  or  source  of  the  shock  Mr.  Davison 
traces  to  a  place  about  two  miles  N.N.E.  of  Bolton. 

He  concludes  from  all  the  evidence  collected  at  the 
time : — (1)  That  the  Lancashire  earthquake  was  caused 
by  a  slip  of  the  Irwell  fault,  a  few  miles  from  its  north- 
western extremity,  as  traced  upon  the  map  (in  the 
pamphlet)  ;  (2)  the  horizontal  length  of  the  slip-area  was 
short,  possibly  less  than  a  mile  ;  (3)  the  slip  resulted  in  an 
increase  of  the  throw  of  the  fault ;  and  (4)  the  slip  must 
have  extended  upwards  to  within  a  short  distance  from,  if 
not  quite  up  to,  the  surface,  the  amount  of  the  slip  near  the 
surface  being  of  course  extremely  small." 

Mr.  Barnes  reminded  the  members  that  there  had  been  a 
much  more  recent  earthquake  than  that  of  ten  years  ago, 
viz.y  in  December,  1896. 
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Mr.  Joseph  Dickinson:  The  earthquake,  so-called,  of 
the  27th  February,  was  felt  at  my  house  at  Pendleton,  a  little 
after  ten  o'clock  p.ni.  I  was  myself  in  Ireland  at  the  time, 
but  my  wife  wrote  to  me  to  say  that  they  had  had  a  great 
fright,  that  articles  in  the  house  shook — ornaments  on  the 
chimney  piece,  and  so  forth — and  she  was  afraid  a  book  case 
was  coming  down.  One  of  our  members  who  lives  on  the 
Bolton  road  felt  it  distinctly  ;  it  was  then  exactly  10  o'clock, 
and  he  supposed  it  was  an  explosion  in  the  Pendleton 
colliery  workings.  We  all  know  that  a  heavy  fall  of  roof 
in  a  mine  will  sometimes  cause  a  great  commotion  of  wind 
and  blow  air  doors  open;  and  of  course  there  are  such  things 
as  subsidences  of  the  ground  causing  great  tremor.  There 
is  in  that  neighbourhood  an  immense  depth  of  sand,  and  a 
very  slight  displacement  of  the  ground  may  cause  a  con- 
siderable movement,  accompanied  by  movement  in  the  sand. 
There  is  not  the  slightest  doubt  there  was  a  great  tremor  of 
the  ground  in  the  Seedley  district. 

Mr.  SriRRUP :  The  circumstance  of  this  movement  being 
felt  at  such  a  depth  below  the  surface  is  one  of  the  most 
interesting  points,  I  think,  and  if  any  members  have  infor- 
mation as  to  the  shock  having  been  felt  belowgroimd  I 
shall  be  very  glad  if  they  will  send  me  the  particulars.  I 
purpose  sending  all  the  reliable  information  I  can  collect  to 
Dr.  Davison,  who  will  collate  the  facts  and  try  to  support 
the  theory  which  he,  along  with  others,  has  advanced. 

Mr.  HoLROYD :  I  do  not  know  what  disturbance  it  may 
have  made  in  the  coal  mines,  but  it  certainly  made  a  very 
considerable  disturbance  on  the  surface  in  the  neighbourhood 
where  I  live,  which  is  near  the  suspension  footbridge  at 
Peel  Park.  I  was  in  bed  when  it  took  place,  but  awake. 
On  feeling  the  vibration  of  the  floor  and  of  the  bed,  and 
hearing  the  rattle  of  windows,  I  got  up  and  looked  at  my 
watch  and  I  found  that  it  was  exactly  a  minute  past  ten. 
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My  daughter  came  to  the  bottom  of  the  stairs  and  called 
to  me  to  know  what  I  was  doing.  The  conclusion  I  came 
to  was  that  there  had  been  an  explosion  in  one  of  the 
neighbouring  mines,  or  at  the  gas  works.  As  far  as  my 
own  actual  experience  goes,  the  floor  distinctly  shook ;  it 
was  a  very  different  kind  of  movement  from  the  earthquake 
that  we  felt  in  December,  1896,  because  it  was  a  continuous 
movement.  The  shock  that  took  place  in  December,  1896, 
was  one  complete  and  apparently  vertical  movement  and 
then  all  was  over ;  it  lifted  my  bed  and  dashed  it  down 
again,  and  was  then  past ;  there  was  no  further  tremor ;  but 
in  the  present  case  the  vibration  seemed  to  be  lateral, 
travelling  from  West  to  East,  and  to  continue  for  some 
short  time  afterwards,  because  I  heard  the  windows  rattle 
for  quite  a  minute  or  more  after  I  got  out  of  bed. 
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OCCURRENCE    OF    A    GYPSUM   BOULDER    AT 
BLACKPOOL. 


Mr.  Stirrup  said :  We  have  lying  on  the  table  a  pam- 
phlet, with  photograph,  kindly  sent  by  the  author,  Mr.  T. 
Mellard  Reade,  F.G.S.,  of  the  great  gypsum  boulder  of 
Great  Crosby.  It  is  certainly  a  remarkable  boulder,  mainly 
on  accoimt  of  its  composition  and  large  size.  The  country 
about  Crosby,  where  this  boulder  was  found,  is  altogether 
flat,  and  covered  with  a  deposit  of  boulder  clay,  from 
which  bricks  are  now  being  made.  The  ground  is  very 
little  above  sea  level.  This  boulder  was  foimd  12  feet 
below  the  surface  in  digging  the  clay  to  make  bricks.  It 
weighs  some  13  tons,  and  you  will  obtain  some  idea  of  its 
magnitude  from  this  photograph.  I  do  not  know  that  we 
have  any  account  of  any  other  boulder  of  the  same 
character,  and  of  that  size,  having  been  found  in  Lancashire. 
Full  particulars  as  to  the  dimensions,  weight,  &c.,  of  the 
boulder  will  be  found  in  Mr.  Reade's  pamphlet.  The 
difficulty  is  to  know  whence  it  came.  Mr.  Reade  suggests 
that  it  came  from  the  neighbourhood  of  Whitehaven,  as 
most  of  the  other  associated  erratics  are  from  a  northern 
source.  On  reading  Mr.  Reade's  pamphlet,  it  reminded  me 
that  some  twelve  months  ago,  when  I  was  staying  at  Black- 
pool, I  picked  out  the  lump  or  small  boulder  of  gypsum,  now 
lying  on  the  table,  from  the  clay  cliffs  there.  That  is  some 
distance  further  north  of  the  locality  of  Crosby.  Such 
boulders  are  unusual,  I  believe  in  this  boulder-clay,  for 
although  I  have  rambled  along  those  cliffs  many  times  I  do 
not  remember  coming  across  a  gypsum  boulder  before.  Of 
course  this  is  a  very  small  specimen  when  compared  with  the 
Crosby  boulder,  but  still  it  may  give  some  idea  of  the  direc- 
tion of  drift,  and  in  that  respect  it  is  interesting  as  bearing 
out  the  suggestion  mentioned  by  Mr.  Reade  as  the  starting 
place  of  the  boulder  found  at  Crosby. 
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Mr.  Stirrup  then  read  the  following  paper : — 

ON  THE  VALUE  OF  THE  FOSSIL  PLANTS  OF  THE 

COAL  MEASURES  AS  STRATIGRAPHICAL 

GUIDES. 

By  Mr.  Mark    Stirrup,    F.G.S. 


At  recent  discussions  among  the  members  of  this  Society 
during  the  past  year,  and  on  several  previous  occasions, 
doubts  have  been  expressed  as  to  the  value  of  the  fossil 
plants  of  the  Coal  Measures,  either  as  guides  in  the 
determination  of  geological  horizons  or  as  aids  in  the 
correlation  of  neighbouring  or  far-separated  coalfields. 

In  order  that  these  opinions  of  the  inadequacy  of  fossil 
plants  as  records  of  geological  age  or  succession  in  time  may 
not  obtain  currency  among  the  members,  and  to  show  that 
the  balance  of  evidence  is  quite  preponderant  on  the  opposite 
side,  the  following  notes  and  remarks  are  offered,  not  only  as 
the  expression  of  my  own  personal  views,  but  also  of  that  of 
others,  whose  claim  to  authority  in  such  matters  is  un- 
questionable. 

Another  consideration  weighs  with  me  and  impels  me  to 
the  refutation  of  these  doctrines  of  the  nullity  or  uselessness 
of  Coal  Measure  plants  as  tests  of  geological  age,  inasmuch, 
as  the  Society  has,  under  its  direction  and  supervision,  a 
sub-committee  whose  object  is  the  systematic  collection  of 
the  fossils  of  the  Coal  Measures,  bed  by  bed,  for  the  very 
purpose  of  the  identification  and  correlation  of  the  various 
seams  of  our  local  coalfields,  wherever  possible. 

Much  has  been  said  and  written  on  the  comparative  value 
of  different  groups  of  fossils  as  proofs  of  geological  age, 
specialists  often  rating  with  a  higher  appreciation  the  value 


Vol.  XXvi.]      FOSSIL  PLANTS  AS  STRATIORAPHICAL  OFIDES.  181 

of  the  particular  group  of  organisms  upon  which  they  may 
happen  to  be  working. 

It  is  true  the  higher  the  group  in  the  scale  of  organization, 
whether  in  the  vegetable  or  in  the  animal  kingdom,  and  the 
higher  the  degree  of  the  specialization  of  its  members,  so 
much  the  more  is  the  value  of  such  forms  to  determine 
geological  horizons  or  stages  of  evolution. 

In  the  Carboniferous  Formation  however,  it  would  be  as 
useless  to  look  for  dicotyledonous  plants  as  it  woidd  be  in 
vain  to  search  for  representatives  of  the  mammalia,  therefore 
we  are  perforce  driven  to  fall  back  upon  that  group  of  fossils 
which  is  the  predominant  feature  of  the  Coal  Measures, 
namely  its  plant  remains. 

That  special  characters  distinguish  the  plants  of  the 
Palasozoic  epoch  from  those  of  the  Mesozoic  age  is  a  fact 
recognised  by  geologist  and  botanist  alike,  and  it  is  only 
applying  the  same  guiding  principles  to  finer  issues,  when  an 
attempt  is  made,  to  determine  by  the  same  means,  the  order 
of  succession  of  a  series  of  beds  in  any  particular  coalfield 
or  special  locality. 

It  must  not  be  understood  that  in  urging  a  closer  acquaint- 
ance with  the  fossil  plants  of  the  Coal  Measures  that  I  by  any 
means  wish  to  undervalue  any  help  that  may  be  got  from  the 
presence  of  other  fossils,  but  seeing  that  plants  are  the  most 
characteristic  ekment  of  organic  life  of  the  period  it  is  on 
their  order  of  occurrence  and  distribution  that  our  classifica- 
tion and  correlation  must  be  mainly  based.  Neither  do  I 
wish  to  depreciate  the  value  of  any  help  that  may  be  derived 
from  the  lithological  characters  of  the  strata,  the  physical 
structure  and  texture  of  coals,  characters  which,  in  the 
hands  of  the  practical  miner,  are  often  a  helpful  guide ;  but 
it  must  be  borne  in  mind,  that  sub-divisions  based  on  litho- 
logical characters  alone  must  be  always  uncertain,  owing  to 
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their  liability  to  change  in  a  limited  area.  Moreover,  litho- 
logical  characters,  from  their  very  nature,  are  liable  to  come 
into  existence,  bearing  the  same  aspect,  at  any  point  of 
geological  time ;  on  the  other  hand,  any  animal  or  plant, 
once  extinct,  never  reappears  in  succeeding  ages. 

Doubts  as  to  the  value  and  iise  of  fossil  plants  in  geological 
chronology  may  arise  from  various  causes,  such  as  the  known 
persistency  of  some  types  or  species  almost  throughout  the 
whole  Coal  Measures,  thereby  invalidating  their  diagnostic 
value  in  any  attempt  at  zonal  classification. 

Other  objections  may  be  founded  on  the  recognised 
deficiencies  of  our  knowledge  of  the  carbonif eroiis  flora  as  a 
whole ;  also  the  fragmentary  state  in  which  the  fossils  are 
usually  found  has  led  to  many  errors  of  classification  and 
nomenclature,  such  as  when  parts  of  the  same  plant  have 
been  assigned  to  different  species ;  errors  which  have  been 
corrected  by  subsequent  discoveries. 

Admitting  all  these  doubts  and  objections  as  well-founded, 
to  what  does  the  argument  point,  but  to  the  necessity  of  a 
more  rigourous  and  critical  study  of  the  fossils  and  their 
position  in  the  rocks,  in  order  to  learn  what  a  more  minute 
examination  might  reveal  of  their  ancient  history. 

The  question  of  the  order  of  succession  and  geographical 
distribution  of  the  plants  of  the  Goal  Measures  has  received 
more  attention  in  several  of  the  continental  coalfields,  as 
also  in  the  United  States,  than  with  us,  the  result  of  which 
has  been  the  possibility  of  using  certain  groups  of  fossil 
plants  or  rare  species  as  indicative  of  special  horizons,  a 
resource  of  much  value  in  explorations  in  disturbed  and 
faulted  districts. 

That  this  is  no  mere  illusory  or  academic  statement  I 
shall  be  able  to  prove  by  giving  a  well-known  recent  instance 
of  the  practical  value  of  such  special  research  when  applied 
to  coal  exploration. 


Vol.  XXvi.]       F08SIL  PLANTS  AS  STRATIGRAPHICAL  OUIDKS.  183 

Why  then,  may  I  ask,  should  the  British  coalfields  rest 
in  this  inferior  position  to  those  of  some  continental  areas  ? 
Is  it  that  our  geologists  or  palseobotanists  lack  the  energy 
or  perseverance  of  their  continental  brethren,  or  is  it  that 
we  are  so  rich  in  coal  deposits  that  such  special  researches  to 
which  I  have  referred,  have  no  value  in  the  market  ? 

.  Our  Society  has  done  some  little  in  removing  this  stigma 
of  neglect,  but  how  much  more  might  have  been  done,  if 
more  enthusiasm  and  zeal  had  actuated  those  members  whose 
avocations  enable  them  to  help  in  this  work,  it  is  not  for  me 
to  say. 

The  results  of  what  has  been  done  by  our  members  have 
for  the  most  part  been  published  in  the  Transactions  of  the 
Society  where  lists  of  the  plant  fossils  are  grouped  by 
districts,  the  critical  examination  and  nomenclature  being 
due  to  Mr.  Robert  Eadston,  F.G.S.  to  whom  the  Society  is 
much  indebted  for  his  voluntary  labour. 

I  will  now,  with  your  permission,  ask  your  attention  to 
the  published  opinions  of  certain  eminent  scientific  men  on 
some  of  the  points  of  the  subject-matter  I  have  ventured  to 
introduce. 

First,  I  have  translated  a  few  paragraphs  from  the  late 
Prof.  Schimper's  Treatise  on  Vegetable  Palaeontology,  giving 
his  views  on  the  application  of  vegetable  palax>ntology  to 
geology. 

Chap,  ix.,  p.  101.  ''Not  only  has  each  formation  its 
characteristic  plants,  but  almost  each  of  its  subordinate  beds 
may  be  recognized  sometimes  by  the  absence  of  one  species 
and  the  presence  of  another,  sometimes  by  the  predom- 
inance of  one  type,  which  in  other  strata  plays  but  a 
secondary  role.  One  understands  of  what  importance  this 
fact  may  become  in  coal  exploitations,  where  each  bed 
represents  a  horizon,  whose  continuation  may  be  able  to  be 
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recognized  when  it  comes  to  be  interrupted  by  a  f  aidt  or  any- 
other  dislocation  of  the  ground.  Long  since  it  has  been 
observed  that  each  layer  or  stratum  of  one  and  the  same  coal 
district  has  its  particular  flora,  presenting  a  special  character^ 
at  the  same  time  that  it  does  not  differ  from  others  in  all  its 
details.  Thus  a  species  common  in  one  bed,  may  be  very 
rare,  or  be  wanting  altogether  in  a  neighbouring  bed,  which 
excepting  this  detail,  is  in  other  respects  similar.  It  is 
known  also  that  when  a  species  becomes  extinct,  it  is  for 
ever;  the  genera  follow  the  same  law,  no  error  is  thus 
possible  under  this  head.  The  Calamitca  radiatua  (Brongt.) 
characterizes  the  lower  members  of  the  Coal  Measures,  which 
form  the  passage  between  the  Devonian  strata  to  the 
productive  coal  formations:  as  this  fossil  has  never  been  met 
with  in  the  middle  and  upper  beds,  we  are  authorized  to 
admit  that  it  always  indicates  the  commencement  of  the  coal 
epoch  and  a  formation  in  which  the  mineral  coal  is  neither 
abundant  nor  of  good  quality.  On  the  other  hand,  the 
Calamites  gigas  indicates  the  end  of  this  epoch  or  rather  the 
beginning  of  the  Permian. 

"  Never  have  traces  of  Stigmaria,  Sigallarta,  and 
Lepidodendron  been  met  with  in  formations  more  recent  than 
the  Lower  Permian. 

"  Thus  palaeontology  has  been  the  means  of  fixing  the 
geological  position  of  the  coal  deposits  of  Savoy,  containing 
impressions  of  these  and  other  coal  plants,  in  the  series  of 
Palaeozoic  formations,  a  position  which  had  been  opposed  by 
some  celebrated  geologists. 

(Page  104).  "  It  will  be  seen  by  these  examples  of  what 
utilitj'^  vegetable  palaeontology  may  be  to  geology,  and  even 
to  industrj'.  But  this  application  would  also  lead  to  grave 
mistakes  if  it  were  not  used  with  the  greatest  prudence  and 
with  data  capable  of  no  equivocation.  To  generalize  beyond 
measure  would  be  as  injurious  as  to  take  away  its  value  in 
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restricting  it  in  too  narrow  limits.  We  have  certainly  in  fossil 
plants  types  which  are  as  sure  guides  as  those  of  the  animal 
kingdom  called  tests,  but  there  are  also  a  great  number 
which  do  not  present  the  same  certainty,  because  their  forms 
are  less  decided,  less  accurately  known,  or  because  the  limits 
of  their  geological  distribution  are  not  yet  determined." 

(Page  105).  "Up  to  the  present  time  nearly  all  the 
palax)ph3rtological  discoveries  have  been  simply  due  to 
chance.  It  is  rare  that  regular  and  persistent  excavations 
have  been  made  in  f  ossilif  erous  ground  like  those  imdertaken 
for  the  purpose  of  clearing  ruins  or  discovering  inscriptions." 

"They  have  been  explorations  purely  industrial  which 
have  opened  out  the  materials  upon  which  men  of  science 
have  seized.  Nearly  all  those  who  collected  them  saw  in 
them  but  simple  curiosities  and  placed  them  for  this  reason 
in  the  collection  of  amateurs  where  they  are  often  lost  to 
scientific  study.  Moreover,  those  who  collected  them  on  the 
spot  being  generally  only  ordinary  workmen,  took  interest 
only  in  striking  pieces  and  left  all  the  others  to  be  lost. 
One  cannot  think  without  regret  of  all  that  has  been  lost,  of 
all  the  precious  material  belonging  to  the  Carboniferous 
epoch  that  is  still  being  lost." 

"If  we  had  only  the  one-hundredth  part  of  the  interesting 
remains  destroyed  by  the  pick  of  the  miner,  buried  at  the 
bottom  of  mines,  or,  lastly,  thrown  on  to  the  refuse  heap, 
where  atmospheric  agencies  reduce  them  to  powder,  the  coal 
flora  would  be  nearly  as  well  known  as  that  of  our  own  day." 

I  have  in  the  preceding  extracts  from  the  valuable  work 
of  Prof.  Schimper,  the  eminent  palaK)botanist,  brought 
before  you  the  botanical  aspect  of  the  question;  and 
although  you  may  not  find  anything  positively  new  in  the 
Professor's  opinions,  nor  advice  differing  from  that  which 
has  on  previous  occasions  emanated  from  the  Sub-Committee 
for  fossil  collection,   yet   I  think   the  repetition  of  such 
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opinions  will  not  be  without  their  efficacy  at  a  time  when 
there  is  apparently  a  tendency  to  ignore  the  just  importance 
of  fossil  plants. 

Mr.  R.  Kidston  in  his^address  to  the  Royal  Physical 
Society  of  Edinburgh  in  1893,  "On  the  Divisions  of  British 
Carboniferous  Rocks  as  determined  by  their  Fossil  Flora/'* 
supports,  by  strong  evidence  from  various  sources  in  Great 
Britain,  the  opinion  of  the  value  of  the  fossil  plants  of  the 
Coal  Measures  in  the  identification  of  strata.  He  moreover 
gives  the  following  striking  example,  which  is  not  by  any 
means  the  only  one,  of  the  superiority  of  fossil  plants  to 
moUuscan  tests  in  determining  horizons.  "When  sinking  a 
shaft  of  the  Hamstead  Colliery,  Great  Barr,  near  Birming- 
ham, 450  feet  of  red  and  purple  shales,  marls,  and  sandstones 
were  passed  through  before  meeting  with  the  Middle  Coal 
Measures.  These  upper  rocks  had  been  mapped  by  the 
Geological  Survey  as  Permian ;  but  from  the  evidence 
derived  from  the  plants,  which  were  carefully  collected  by 
Messrs.  F.  G.  Meacham,  M.E.,  and  H.  Insley,  who  were  in 
charge  of  the  work,  it  was  shown  that  these  shales  belonged 
to  the  Upper  Coal  Measures.* 

"  From  the  MoUusca  met  with,  Dr.  John  Young  identified 
the  following : — 

Prodwtus  semireticulatuSy  Martin. 

Productus  scabriculuSf  Martin. 

Edmondia  rudis,  M*Coy. 

Schizodus  sp.  allied  to  S.  carbonarina,  Pork. 

Modiola  lingualts,  Phill. 

Anthracosia  Urei^  Flem. 

Leda  attenuata,  Flem. 

Goniatites  sp.  allied  to  G,  excavatus,  Phill. 

♦  Proc.  Roy.  Phys.  Soc.  Edin.,  Vol.  XII.,  1894. 
•See  Trans.  Roy.  Soc.  Edin.,  Vol.  XXXV.,  p.  817,  1888. 
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Leaving  out  of  consideration  those  individuals  which  are  only 
generically  identified,  two  of  the  species,  Modiola  lingualia 
and  Leda  attemiatay  have  been  recorded  from  the  upper  beds 
of  the  Calciferous  Sandstone  series;  P.  semiveticuhiuHf 
P.  scabriculus,  and  Edmondia  rudis  are  frequent  in  the  Car- 
boniferous Limestone  series  of  Scotland ;  while  Anthracosia 
JJrei  is  generally  restricted  to  the  Lower  Coal  Measures. 
Anyone  judging  of  the  age  of  these  rocks  from  the  MoUus- 
can  remains,  would,  without  doubt,  class  them  as  Lower 
Carboniferous,  whereas  they  are  certainly  of  Upper  Coal 
Measure  age. 

Similar  facts  and  opinions  have  been  summarised  in  an 
interesting  preface  to  the  catalogue  of  the  geological  exhibit 
at  the  International  Exhibition  at  Brussels  in  1897,  written 
by  M.  R.  Zeiller,  of  the  School  of  Mines,  Paris,  at  the 
request  of  M.  G.  Schmitz,  Director  of  the  Geological  Museum 
of  the  Belgian  Coal  Basins  at  Louvain. 

A  copy  of  this  catalogue,  published  for  the  use  of  visitors 
to  the  Exhibition,  was  sent  to  me  at  the  time  by  my  friend, 
M.  X.  Stainier,  Professor  of  Geology  at  Gembloux. 

As  the  views  of  Prof.  Schimper  may  be  said  to  represent 
the  botanical  side  of  the  question,  I  now  propose  to  make 
some  extracts  from  this  pamphlet  to  prove  the  importance 
and  practical  utility  of  greater  attention  being  paid  to  the 
study  of  fossil  plants  and  their  position  in  the  strata.  M. 
Zeiller,  in  recommending  the  practical  use  that  may  be 
made  of  fossils  in  explorations  for  coal,  says,  "  that  no  one 
doubts  the  services  that  physics  and  chemistry  are  capable 
of  giving  to  certain  industries,  but  that  geology  and  paleon- 
tology can  fill  a  role  as  useful  and  as  important  in  mineral 
industry  is  hardly  ever  dreamt  of. 

"The  miner  is  ordinarily  deemed  suflSciently  armed  to 
recognize  without  outside  help  the  order  of  superposition  of 
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the  different  beds  which  he  is  working,  to  find  them  again 
from  one  side  to  the  other  of  the  faults  which  have  affected 
them  and  disjoined  them." 

"  Cases  have,  however,  occurred,  and  the  list  would  be 
rather  a  long  one,  where  the  application  of  the  art  of  mining 
only,  when  in  search  of  the  continuation  of  a  bed,  has 
occasioned  nothing  but  disappointment,  and  where  the 
intervention  of  geological  or  palaeontological  science  has  been 
necessary  in  order  to  attain  the  desired  result." 

Mr.  Zeiller  goes  on  to  remark  that  M.  H.  B.  Geinitz  had 
in  fact  as  early  as  1856  shown  by  his  study  of  the  coal 
deposits  of  Saxony  that  from  one  level  to  another  the  flora 
was  gradually  modified,  and  that  these  modifications  would 
serve  to  determine  in  a  sure  manner  the  relative  age  of  each 
group  of  beds.  In  1877  M.  Grand  Eury  applying  the  same 
method,  at  first  to  the  coal  basins  of  Central  and  Southern 
France,  afterwards,  although  with  less  details,  to  all  the 
other  coal  formations  of  Europe  and  North  America,  had 
laid  down  in  an  almost  definite  way  the  bases  of  a  general 
classification  founded  on  the  study  of  plant  impressions,  the 
fossil  animals  being  necessarily  put  aside,  as  much  on  account 
of  their  extreme  rarity  as  of  their  too  slight  variations  of 
form  during  the  coal  period. 

In  its  turn,  the  French  portion  of  the  Franco-Belgian  basin 
was  made,  in  1888,  the  object  of  a  detailed  study  of  a  like  kind, 
the  result  of  which  has  been  the  means  of  establishing  the 
palaeo-botanic  characters  of  the  different  groups  of  beds 
which  constitute  it,  and  of  fixing  the  exact  age  of  each  of 
them ;  the  value  of  the  characters  thus  recognised,  has, 
moreover  been  confirmed  by  the  perfect  agreement  of  the 
observations,  made  since  then,  by  Mr.  Leo  Cremer,  in  the 
basin  of  the  Ruhr,  by  Mr.  R.  Kidston,  in  the  different  coal- 
fields of  England,  and  by  Mr.  David  White,  in  those  of  the 
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United  States ;  these  different  basins  being,  in  whole  or  in 
part,  contemporaneous  with  that  of  the  North  of  France, 
having  famished  the  same  groupings  of  species  succeeding 
each  other  in  the  same  order. 

From  a  practical  point  of  view,  some  important  results 
have  moreover  been  the  means  of  affirming  the  utility  of 
palaK>-botanic  researches  and  of  attesting  the  confidence 
that  may  be  had  in  the  conclusions  to  which  they  lead. 

Thus,  notably,  some  15  years  ago,  at  the  Grand  Combe 
in  the  basin  of  the  Gard  (France),  the  study  of  the  flora 
of  the  different  groups  of  beds  situated  on  both  sides  of  a 
great  disturbance  (or  fault)  permitted  the  relative  age  of 
these  groups  to  be  ascertained,  the  direction  in  which  they 
had  been  displaced  by  that  disturbance,  and  has  proved 
that  the  series  of  beds  situated  at  the  top,  far  from  being 
the  most  recent,  as  stratigraphical  observations  led  one  to 
believe,  was  on  the  contrary  the  oldest.  A  boring  after- 
wards made  by  the  side  of  the  fault  wall  has  actually  met 
with  the  top  series  at  about  750  metres  in  depth,  represented 
by  thick  beds  of  coal. 

Barely  a  year  ago,  a  brilliant  success  in  the  basin  of 
Saint-Eloy,  in  Central  France,  crowned  in  like  manner  the 
researches  taken  in  hand  on  the  indications  of  M.  Grand 
Eury,  to  whom  the  examination  of  the  fossils  collected  at 
the  outcrops,  in  a  region  vainly  searched  for  the  last  50 
years,  had  been  able  to  recognise  that  the  productive  level 
worked  at  the  north-eastern  end  of  the  basin,  ought  to  be 
found  there  at  a  much  greater  depth,  the  flora  of  the 
superficial  beds  of  the  region  corresponding  to  a  level  con- 
siderably higher  than  that  of  the  "  Grande  Couche  de  Saint 
Eloy.**  The  discovery  at  290  metres  of  a  thick  bed 
of  coal  has  resulted  in  showing  the  exactitude  of  the 
indications  drawn  from  palaeo-botanic  observations  and  in 
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recompensiiig  the  explorers  who  had  not  hesitated  to  accord 
their  confidence  in  them. 

Without  quoting  other  examples,  M.  Zeiller  passed  on  to 
speak  of  the  value  that  tliis  detailed  study  of  the  fossil  flora 
has  in  giving  clearer  ideas  on  that  often  debated  question  of 
the  mode  of  formation  of  coal. 

Continuing,  M.  Zeiller  says : — "Our  knowledge  of  the  coal 
formation  has  for  the  last  twenty  years  made  important 
progress,  and  the  exploitation  of  mines  has  more  than  once 
benefited  thereby ;  but  whatever  may  be  the  generality  of 
the  results  gained,  it  is  clear  that  it  is  not  the  less  necessary, 
in  each  basin,  before  passing  on  to  practical  application,  to 
undertake  a  local  detailed  study,  to  be  assured  of  the  com- 
position of  the  flora  of  each  group,  and  to  collect,  with  the 
view  of  the  identification  of  every  member  of  them,  obser- 
vations as  complete  as  the  state  of  the  progress  of  the 
workings  permits." 

The  extracts  I  have  given  will  probably  be  sufficient  to 
affirm  the  doctrines  that  I  have  endeavoured  to  enimciate, 
without  introducing  the  evidence  of  other  authorities  in 
support,  which,  had  time  served,  or  necessity  required,  it 
would  not  have  been  difficult  to  produce. 

Before  laying  aside  M.  Zeiller's  pamphlet,  I  would  like  to 
ask  the  attention  of  the  members  to  one  of  the  closing 
paragraphs,  with  regard  to  the  creation  of  a  special  Geologi- 
cal Museum  of  the  Coal  Basins  of  Belgium,  an  event  which 
will  recall  our  Society's  connection  with  the  Geological 
Museum  at  Owens  College,  and  presumably  encourage  a  con- 
tinued solicitude  for  its  welfare  and  pre-eminence. 

The  director  of  the  Museum,  M.  Schmitz,  in  getting 
together  the  geological  collection  for  the  International 
Exhibition  at  Brussels,  in  1897,  being  impressed  with  the 
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idea  that  the  minute  examination  of  the  Coal  Measures 
would  be  of  great  service  not  only  to  the  palaeontological 
and  geological  sciences,  but  also  to  the  exploitation  of  mines, 
addressed  a  pressing  appeal  to  the  directors  of  all  the 
collieries  in  Belgium,  with  the  view  of  obtaining  from  each 
bed,  from  each  seam,  the  methodical  collection  of  specimens, 
principally  plant  impressions,  destined  to  constitute  a  special 
Museum  of  the  Belgium  Coal  Basins. 

Such  a  favourable  and  ready  response  was  made  to  this 
appeal  on  the  part  of  colliery  proprietors  and  private 
individuals  that  the  now  largely  increased  collections 
demanded  larger  space  for  their  accommodation, — a  new 
building  had  to  be  provided,  and  is  now  established  at 
Louvain  by  the  help  of  the  same  generous  donors,  and 
I  believe  was  opened  to  the  public  last  year. 

The  history  of  this  Geological  Museum  is  shortly  as 
follows : — Starting  with  a  modest  collection  in  1890  at  the 
College  Saint  Servais,  at  Li^ge,  owing  to  considerable 
additions,  it  had  to  be  moved  to  more  commodious  quarters 
at  the  College  Notre  Dame  de  la  Paix,  at  Namur,  in  1892, 
and  again  in  1897  to  the  special  building  that  has  since 
been  erected  at  Louvain,  where  the  collections  of  upwards  of 
6,000  specimens  may  now  be  inspected. 

In  bringing  my  remarks  to  a  conclusion,  I  trust  the 
evidence  I  have  adduced  of  the  use  that  may  be  made  of 
fossil  plants  as  stratigraphic  or  time  marks  will  be  suf- 
ficiently convincing  as  to  direct  the  attention  of  members 
to  the  importance  of  the  subject,  and  be  the  means  of 
leading  to  some  valuable  results. 

There  are  other  points  of  interest  connected  with  the 
study  of  fossil  plants  in  their  relation  to  geology,  such  as 
to  what  extent  can  fossil  plants  be  used  as  tests  of  climate 
of  past  epochs ;  or,  again,  how  far  similarity  of  species  and 
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the  like  order  of  succession  may  indicate  contemporaneity  in 
time  in  widely  separated  areas  ;  but  questions  such  as  these 
I  have  avoided,  as  having  no  practical  application  to 
exploration  for  coal. 


Mr.  Garforth,  in  moving  a  vote  of  thanks  to  Mr.  Stirrup 
for  his  paper,  said :  If  we  could  look  back  on  all  the  mistakes 
that  have  been  made  in  sinking  we  should  find  that  tens  of 
thousands  of  pounds  have  been  wasted.  I  happen  to  know 
Mr.  Cremer,  one  of  the  professors  in  the  School  of  Mines, 
at  Bochum.  I  know  he  can  give  instances  in  his  district 
where  large  sums  of  money  have  been  saved  by  a  regular  and 
systematic  course  of  inspection  by  a  geologist.  I  fully  endorse 
all  the  sentiments  so  ably  put  before  us  by  Mr.  Stirrup. 

Mr.  HoLROYD,  in  seconding  the  motion,  said :  Although 
I  cannot  quite  agree  with  all  that  Mr.  Stirrup  has  said  as  to 
the  value  of  fossil  plants  in  comparison  with  the  fossil 
animals  that  are  found  in  the  carboniferous  strata,  yet  I  have 
no  doubt  if  the  fossils  were  examined  in  a  more  systematic 
maimer  they  would  be  exceedingly  useful,  at  all  events  in 
the  particular  localities  in  which  these  fossils  were  found. 
I  do  not  believe,  myself,  that  the  fossils  from  any  one  locality 
could  be  relied  upon  as  forming  horizons  or  zones  which 
might  be  used  as  guides  in  other  localities ;  and  that  is  the 
point  on  which  I  beg  leave  to  differ  from  Mr.  Stirrup. 

The  motion  was  unanimously  passed. 


Mr.  Holroyd  exhibited  a  specimen  of  Neuropteris  Scheuch- 
zeri,  a  species  which,  he  remarked,  was  supposed  to  have 
been  very  rare,  and  characteristic  of  certain  beds  in  the  coal 
measures.  It  had  been  found,  however,  on  further  research, 
not  to  be  so.  It  was  fairly  common  throughout  the  entire 
Carboniferous  series. 
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An  Ordinary  Meeting  of  the  Members  was  held  on 
Tuesday,  April  11th,  1899,  at  the  Society's  Rooms,  Queen's 
Chambers,  5,  John  Dalton  Street,  Manchester. 

Mr.  John  S.  Burrows  in  the  Chair. 


NEW  MEMBERS. 


The  following  gentlemen   were  balloted  for  and  duly 
elected  Ordinary  Members  of  the  Society : — 

Mr.  "William  Downham,  F.G.S.,  65,  Grenville  Street, 
Stockport. 

Mr.  Lawrence  Pilkington,  South  Garth,  Eccles  Old 
Road,  Pendleton. 


Mr.  Dickinson  made  the  following  remarks  on  "  Boiler 
Explosions." 

7 


194  [April,  1899, 

BOILER    EXPLOSIONS. 
By    Mr.    Joseph    Dickinson,    F.G.S. 


The  wreck  of  the  Stella  steamship,  on  March  30th,  by 
striking  the  Casquet  Rocks  off  Alderney  Island,  and  the 
attendant  great  loss  of  life,  elicits  our  sympathies  on  behalf 
of  all  the  sufferers.  The  cause  will,  no  doubt,  be  carefully 
investigated,  but  the  statements  whether  the  steam  boilers 
did  or  did  not  burst  are  at  variance.  The  strongest  evidence 
appears  to  show  that  explosion  occurred.  I  am  much 
impressed  by  what  Mr.  Leonard  Reuss  is  reported  in  the 
Twies  of  April  8th  to  have  stated  ;  he  seems  to  have  acted 
throughout  as  a  man  of  nerve,  and  without  delay  returned 
to  his  duties  in  London.  From  his  statement,  he  with 
another  person,  almost  at  the  last,  threw  overboard  into  the 
sea  one  of  the  airtight  deck  seats  and  dived  after  it,  and, 
having  with  several  others  laid  hold  of  it,  marvellously 
escaped.  He  was  only  about  12  feet  from  the  ship,  within 
the  suck,  when  she  sank.  He  says  distinctly  there  was  an 
explosion,  which  the  people  who  had  got  off  in  the  boats 
deny,  and  that  they  were  not  near  enough  to  know.  In 
confirmation,  he  adds,  that  one  of  the  ship's  firemen,  who 
found  his  way  to  the  floating  seat  was  burnt  and  cut  about 
the  face  and  body. 

I  have  investigated  many  boiler  explosions,  and  have 
been  within  a  few  yards  of  one  where  the  boiler  shot  about 
100  yards  away,  and,  ripping  the  piping  off  two  adjoining 
boilers,  and  the  roof  and  walls  of  the  boiler-house,  sent 
missiles  and  water  into  the  air,  taking  a  long  time  in  falling. 
I  instantly  lay  down  under  the  projecting  upper  part  of  a 
long  iron  Welsh  coal  tram^  and  when  all  was  over  emerged 
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with  some  cuts,  and,  strange  to  say,  wet  to  the  skin  without 
being  scalded,  the  water  having  apparently  been  high 
enough  in  the  air  to  cool,  but  one  person  was  scalded  to  death 
and  another  killed.  I  have  also  been  near,  and  in  full  view 
of,  an  uncovered  range  of  boilers,  two  with  steam  up,  but 
the  other  erroneously  supposed  to  be  empty  and  disconnected, 
from  which  the  fitter  who  lost  his  life  on  unscrewing  the 
man-hole  allowed  the  steam  from  the  others  to  rush  out.  I 
have  also  been  at  the  intontional  experimental  bursting  with 
water  pressure  of  two  disused  boilers.  I  can,  therefore,  say 
that  the  bursting  with  steam  is  not' like  the  crack  of 
artillery,  but  is  more  like  a  heavy  waggon  running  amain 
down  a  steep  road;  and  that  the  bursting  with  water 
pressure  gives  out  only  a  not  loud  thud.  The  persons 
rowing  away  in  the  boats  may  therefore  not  have 
heard  the  explosion  which  Mr.  Eeuss  and  others  have 
described. 

The  point  to  which  I  wish  to  call  the  attention  of  our 
practical  members  is  that  this  is  not  the  only  case  I  have 
heard  of  where  a  boiler  has  burst  when  cold  water  has  come 
upon  it,  on  sea  and  land.  One  instance  which  came  under 
my  notice,  two  or  three  years  ago,  was  at  the  flagstone 
quarries  and  mines  at  Britannia,  near  Bacup,  where  an 
uncovered  vertical  boiler  burst  immediately  after  the  falling 
upon  it  of  a  heavy  thunder-shower  of  rain.  Covering 
boilers  has  many  advantages,  but  I  have  known  an  instance 
where  the  uptake  of  a  vertical  boiler  having  set  the  roof  on 
fire,  a  part  of  the  roof  lowered  so  as  to  prevent  the  safety 
valve  from  acting  and  the  boiler  burst. 


The  Chairman:  What  should  make  the  boiler  burst 
when  the  ship  sinks?  Is  it  that  the  water  condenses  its 
steam  suddenly,  and  so  causes  a  vacuum  to  form  within  the 
boiler  which  then  becomes  compressed? 
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Mr.  HoLROYD :  I  think  you  are  quite  right  as  to  the  cause 
of  what  might  very  well  be  called  an  ''implosion/'  because 
if  you  pour  cold  water  on  any  vessel  which  contains  a  large 
quantity  of  steam,  you  at  once  condense  all  or  some  of  that 
steam,  and  so  cause  a  vacuum  within  the  boiler.  The 
pressure  of  the  atmosphere  outside  will  force  in  tie  plates. 

Mr.  Hall:  I  should  think  from  the  account  I  saw,  the 
boilers  did  not  burst,  but  the  decks  blew  up,  as  they  naturally 
would,  on  account  of  the  ship  getting  filled  with  water.  The 
engineers'  account  seemed  to  put  an  explosion  of  the  boiler 
out  of  the  question.  They  said  naturally  that  the  water 
getting  into  the  ship  put  the  fire  out,  and  there  would  be  an 
end  of  the  pressure;  and  what  was  there  to  burst  the  boiler? 
A  steam  pipe  might  be  broken  ofi*,  but  I  imagine  the 
boilers  themselves  would  not  burst. 


Mr.  G.  H.  Morton,  F.G.S.,  then  exhibited  his  new 
Geological  Map  of  the  Liverpool  district,  and  read  the 
following  paper  upon  it : — 
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DESCRIPTION    OF    A    NEW    GEOLOGICAL    MAP 
OF    LIVERPOOL. 

By  Mr.  G.  H.  Morton,  F.G.S. 


In  1860  I  made  a  Geological  Map  of  the  area  under 
Liverpool,  and  two  others  in  1875  and  1885,  but  there  was 
60  much  uncertointy  as  to  the  direction  and  continuity  of 
the  numerous  faults,  that  I  gave  up  any  further  attempt  as 
hopeless.  Still  I  continued  making  observations,  and 
plotted  down  the  results  on  the  6-inch  Ordnance  Map  as 
soon  as  it  was  published. 

If  such  observations  could  be  continued  for  several 
hundred  years,  it  is  a  question  if  future  exposures  would  be 
sufficient  to  enable  an  absolutely  correct  map  of  the  area  to 
be  made.  The  only  effectual  course  would  be  to  remove  all 
the  buildings  and  streets,  and  to  clear  away  the  drift  deposits 
and  rubbish  from  the  surface,  and  then  to  drive  in  stakes 
along  the  faults  after  making  such  excavations  that  might 
be  necessary.  Such  a  course  being  impossible,  the  only 
method  is  to  continuously  make  all  the  observations  to  be 
derived  from  such  excavations  for  buildings,  roads  and 
railways  as  may  be  exposed  from  year  to  year  over  the  area 
covered  by  the  city  and  the  country  closely  surrounding  it. 

The  officers  of  the  Geological  Survey  fully  understand  the 
difficulty  of  making  a  correct  map,  and  Mr.  A.  Strahan, 
F.G.S.,  expressed  his  opinion  that  such  a  map  could  never 
be  considered  to  be  finished,  but  would  have  to  be  corrected 
from  time  to  time  with  the  gradual  progress  of  observations. 
The  difficulty  is  shown-  by  the  Geological  Map  of  the 
district  published  by  the  Survey,  which  shows  successive 
alterations. 
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The  Quarter  Sheet  79  N.E.,  containing  Liverpool,  was 
first  published  in  1854,  and  after  some  correspondence  with 
Prof.  E.  Hull,  F.R.S.,  he  visited  Liverpool  at  the  suggestion 
of  Prof.  Eamsay,  and  went  over  the  ground  with  me.  The 
result  of  his  visit  was  to  considerably  lower  the  base  of  the 
Keuper  and  to  make  the  map  much  as  it  now  appears,  for 
only  very  slight  alterations  have  been  made  in  it  since. 

Forty  years  having  elapsed  since  I  began  to  make 
observations  for  a  local  Geological  Map,  without  being  able 
to  obtain  any  information  respecting  several  parts  of  the 
area,  it  seemed  desirable  that  what  had  been  done  should  be 
recorded  in  a  permanent  form.  In  order  to  carry  out  this 
idea,  I  determined  to  produce  a  Geological  Map  of  Liverpool, 
showing  the  sub-divisions  of  the  Trias,  and  the  numerous 
faults,  forty-one  in  number,  but  indicating  all  the  places  wher«d 
I  had  actually  seen  them  by  means  of  red  circles  on  the 
downthrow  side  of  each.  Where  a  fault  has  been  seen  in 
two  or  more  places  its  direction  may  be  considered  finally 
ascertained,  while  those  that  have  been  seen  in  only  one 
place  may  run  somewhat  differently  to  the  direction  shown 
on  the  map.  The  occurrence  and  direction,  however,  of 
some  of  the  faults  which  have  not  been  actually  exposed, 
where  they  form  boundary  lines  between  sub-divisions  of 
the  Trias,  are  as  certain  as  those  that  have  been  seen  in 
excavations.  As  examples  of  such  faults,  the  Netherfield 
BrOad  and  Shaw  Street  fault,  the  Exchange  fault,  and  the 
Tue  Brook  and  Wavertree  fault  were  all  accurately  traced 
on  the  first  maps  of  the  Geological  Survey,  although  none 
of  them  could  have  been  seen  by  Prof.  Hull  when  he 
surveyed  the  district  in  1854. 

Broken  lines  are  introduced  on  the  map  to  indicate  faults 
whose  position  is  doubtful,  where  the  country  is  deeply 
covered  with  drift,  and  little  if  anything  known  about  the 
underlying  rock. 
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The  strata  forming  the  sub-divifiions  of  the  Trias  may  be 
still  examined  in  many  places,  but  in  others  it  would 
necessitate  years  of  waiting  for  an  opportunity  of  seeing  the 
rock,  where  I  have  had  frequent  means  of  doing  so  during 
the  last  50  years. 

LIST  OF  THE  FAULTS  SHOWN  ON  THE  MAP. 
With  the  Hade  and  probable  Downthrow  of  each. 


1.  Netherfield  Road  and  Shaw 

Street  Fault. 
HadeW.,  1000  feet,  but 
about    600    feet    in 
Toxteth  Park. 

2.  Stanley  Road  Fault. 

Hade  W.,  20  feet. 

3.  Hawthorne     Road      and 

Scotland  Road  Fault. 
Hade  W.,  150  feet. 

4.  LatiroerStreet  and  Church 

Street  Fault. 
Hade  E.,  600  feet. 

5.  Castle  Street  Fault. 

Hade  E.,  250  feet. 

6.  Central  Station  Fault. 

Hade  W.,  100  feet. 

7.  Lime  Street  Fault. 

Hade  W.,  800  feet. 

8.  Hotham  Street  Fault. 

Hade  W.,  90  feet. 

9.  Russell  Street  Fault. 

Hade  W.,  80  feet. 

10.  Trowbridge  Street  Fault. 

Hade  W.,  50  feet. 

11.  Great  Newton  Street  Fault. 

Hade  W.,  30  feet. 

12.  Mount  Pleasant  Fault. 

Hade  E.,  6  feet. 

13.  Peach  Street  Fault. 

Hade  W.,  a  few  feet. 


14 


Jasper  Street  Fault. 

Hade  W.,  a  few  feet. 
Vine  Street  Fault. 

Hade  W.,  100  feet. 
Goulden  Street  Fault. 

Hade  W.,  4  feet  6  in. 
Edgeware  Street  Fault. 

Hade  W.,  3  feet. 
South  Hunter  Street  Fault. 

HadeS.E.,  100  feet? 
St.  James'  Cemetery  Fault. 

Hade  W.,  200  feet. 
Hardman  Street  Fault. 

Hade  W.,  a  few  feet. 
Philharmonic  Fault. 

Hade  W.,  a  few  feet. 
Smithdown  Lane  Fault. 

Hade  S.W.,  150  feet. 
St.  Patrick's  Fault. 

Hade  W.  25  feet? 
Cheshire  Lines  Fault. 

Hade  W.,  25  feet. 
Cross  Fault. 

HadeN.,  30  feet? 
Two  Gasometers  Fault. 

Hade  W.,  20  feet. 

27.  Eight  Houses  Fault. 

Hade  W.,  50  feet. 

28.  Graving  Docks  Fault. 

Hade  W.,  a  few  feet. 


15 


16 


17 


18. 


19. 


20. 


21 


22. 


23 


24 


25 


26 
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29.  Shipwright's  Yard  Fault. 

Hade  W.,  50  feet. 

30.  Drainage  Outlet  Fault. 

Hade  W.,  50  feet. 

31.  Borough  Boundary  Fault. 

Hade  W.,  50  feet. 

32.  Dingle  Bank  Fault. 

Hade  AV.,  20  feet. 
Dingle  Point  Fault. 

Hade  W.,  300  feet? 
South  Shore  Fault. 

Hade  W.,  a  fcir  feet. 
St.  Michael's  Fault. 


33 


34 


35 


36.  Tue  Brook  and  Wavcrtrce 

Fault. 
Hade  W.,  600  feet. 

37.  West  Dcrhy  Fault. 

Hade  S.W.,  600  feet. 

38.  Croxteth  Fault. 

HadcS.W.,  1.500  feet? 

39.  Whitefield  Road  Fault. 

Hade  W.,  a  feir  feet. 

40.  Olive  Mount  Fault. 

Hade  S.,  very  uncertain. 

41.  Museum  Fault. 

Hade  E.,  2  feet. 


Hade  W.,  a  few  feet. 

The  amount  of  the  dislocation  of  the  faults  is  given  to  show 
their  relative  importance  rather  than  the  actual  figures,  though  in 
many  instances  it  has  been  carefully  ascertained  and  in  some 
actually  measured. 

It  is  evident  from  the  map  that  the  most  intense  faulting 
is  in  the  Keuper,  between  the  boundary  faults  forming  the 
trough  into  which  that  formation  has  subsided.  The  Bunter 
on  each  side  of  the  Keuper  has  been  very  little  disturbed, 
and  the  faults  are  few  in  number.  It  is  remarkable  how 
few  occur  in  long  sections,  such  as  that  at  Olive  Mount, 
where  there  is  only  one  9mall  fault  along  the  whole  of  the 
railway  cutting.  In  a  paper  read  before  the  Liverpool 
Geological  Society*  I  described  the  faults  in  the  centre  of 
the  town,  and  referred  to  the  difficulty  of  ascertaining  the 
continuity  and  the  connection  of  the  faults  with  each  other. 
Since  then  something  has  been  done  to  overcome  the  difficulty, 
but  much  still  remains  to  be  explained  before  the  relation  of 
the  faults  and  the  principles  of  the  fracture  can  be  satisfac- 
torily worked  out.  Although  most  of  the  faults  run  north 
and  south,  those  about  the  centre  of  the  town  run  a  little  to 
the  east  or  west  of  the  main  direction,  and  it  is  obvious  that 

•  '•  Proc.  Liverpool  Geol.  Soc.,"  Vol.  VI.,  p.  294. 
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some  run  into  others,  or  are  cut  off  and  thrown  out  of  their 
course  by  faults  having  a  different  direction. 

Some  slight  corrections  may  ultimately  be  found  necessary 
as  to  the  directions  given  to  these  Keuper  faults,  where  they 
were  obtained  from  sections  in  railway  cuttings  and  other 
excavations  where  only  5  or  10  yards  of  the  fault  could  be 
seen. 

As  it  would  be  too  expensive  to  publish  the  Map,  it  is  my 
intention  to  present  it  to  the  Free  Public  Library  of 
Liverpool,  and  as  it  has  been  already  copied  at  the  Geological 
Survey  Office,  in  London,  no  doubt  it  may  be  also  consulted 
there. 

The  following  is  a  copy  of  the    acknowledgment  from 

Sir  Archibald  Geikie: — 

Geological  Survey  Office,  London, 

5th  January,  1899. 
My  Dear  Sir, 

Will  you  accept  my  best  thanks  for  the  permission  you 
have  so  kindly  given  to  the  Geological  Survey  to  take 
copies  of  the  Six-inch  Geological  Maps  of  Liverpool,  which 
your  long  residence  in  the  town  and  your  constant  observa- 
tion on  the  progress  of  all  excavations  have  enabled  you  to 
make.  The  infoiTuation  is  of  special  value  to  us,  being  such 
as  it  would  have   been  impossible  to  obtain  in  any  other 

way. 

Believe  me  to  remain, 

Yours  very  truly, 

Akch.  Gbikie. 

Mr.  Stirrup  said  :  I  have  very  great  pleasure  in  moving 
a  vote  of  thanks  to  Mr.  Morton,  one  of  our  Honorary 
members,  who  has  done  us  a  service  in  making  his  map  of 
Liverpool  better  known  to  us.  We  have  evidence,  in  what 
he  has  done,  of  the  value  of  amateur  work  to  the  State 
Geological  Survey.      Of   course,   in   a  crowded   city   like 

7a 
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Liverpool  or  Manchester,  it  is  only  with  the  greatest 
difficulty  we  can  get  to  know  what  is  the  solid  geology 
below ;  it  is  only  in  excavations,  when  foundations  are 
being  taken  out  for  buildings,  or  in  tunnelling  or  making 
sewers,  that  we  can  learn  much  about  the  strata. 
Manchester,  of  course,  is  under  much  the  same  difficulty  as 
Liverpool  in  that  respect.  One  must  always  look  upon  the 
government  maps  as  affording  the  best  information  at  the 
time  of  the  Survey,  though  subject  to  alteration  as  additional 
discoveries  are  made,  such  as  Mr.  Morton  has  pointed  out. 

Mr.  Oerkard  :  I  have  very  great  pleasure  in  seconding 
the  motion.  I  listened  with  great  interest  and  pleasure  to  Mr. 
Morton's  account  of  the  faults  in  the  newer  strata  about  Liver- 
pool. I  had  no  idea  there  were  such  faults.  To  the  casual 
observer  they  are  not  to  be  seen,  and  our  knowledge  of  them 
is  a  testimony  toMr.  Morton's  hard  work  and  close  observation. 

Mr.  Dickinson  (who  had  taken  the  Chair)  said:  The 
paper  deals  with  a  subject  that  is  of  considerable  value  to 
this  Society.  We  have  the  old  Geological  Maps,  published 
in  1854,  and  these,  through  Mr.  Morton's  instrumentality, 
were  corrected.  We  have  also  the  Geological  Maps  and 
Sections  which  Professor  Ramsay  gave  in  evidence  before  the 
Goal  Commissioners  in  1S68,  and  these  differ  very  materially 
from  the  map  which  Mr.  Morton  has  now  laid  before  us.  I 
should  like  to  ask  Mr.  Morton  if  he  will  allow  us,  as  he  has 
allowed  the  Geological  Survey  in  London,  to  take  a  copy  of 
this  Map  and  to  mark  it  on  our  six  inch  map  of  Liverpool. 
I  would  also  like  to  ask  Mr.  Morton  which  of  these  faults  it 
is  that  constitutes  the  great  boundary  line  for  the  well- water 
which  is  so  largely  obtained  in  Liverpool.  I  have  heard 
Mr.  De  Eancc  state  in  this  room  that  there  is  one  large  fault 
which  runs  through  Liverpool,  and  it  is  only  on  one  side  of 
that  fault  that  they  get  the  large  feeders  of  water.  It  would 
be  interesting  to  know  which  of  these  numerous  faults  that 
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main  fault  is.  I  would  also  like  to  ask  Mr.  Morton  whether 
he  considers  these  Keuper  Marls  which  he  has  described, 
represent  the  Saliferous  Marls  of  Cheshire,  in  which  the  salt 
is  found,  or  whether  it  lies  below  those  Marls.  The  Keuper 
shown  on  this  map  seems  to  me  beset  with  faults  running  in 
various  directions,  but  there  is  not  in  any  salt  mine  in 
Cheshire  a  single  fault  to  be  found.  I  have  been  in  them 
all  and  can  speak  with  decision  on  that  point. 

Mr.  Morton,  in  responding,  said  :  I  am  extremely  pleased 
to  find  that  so  much  interest  has  been  taken  in  the  paper, 
as  is  yery  evident  from  the  number  of  questions  asked,  and 
the  remarks  made  upon  it.  As  to  the  presence  of  marks  of 
striation — or  "  slickensides  "^-of  course  they  occur  every- 
where, in  all  the  faults.  Some  of  the  faults  are  of  considerable 
width,  and  I  measured  one  19^  yards  wide,  but  that  was  an 
extreme  case,  where  the  sides  had  fallen  in.  Sometimes 
they  are  only  a  few  inches  wide.  Then  the  dislocations  seem 
to  roe  to  be  very  similar  to  what  occur  in  the  Coal  Measures 
in  the  neighbourhood,  towards  Prescot  and  Wigan.  There 
is  no  doubt  that  the  Trias  originally  covered  the  Coal 
Measures  to  the  East  and  Korth  East  of  Liverpool,  and  I 
believe  these  faults  dislocated  the  Coal  Measures  at  the  same 
time ;  and  the  age  of  the  faults  in  the  latter  is  also  post- 
Triassic.  All  the  faulting  occurred  at  about  the  same  period. 

In  obtaining  the  directions  of  the  faults,  the  method 
I  have  adopted  in  Liverpool,  is  to  make  observations 
with  regard  to  surrounding  buildings,  and  not  to  depend  on 
compass  bearings,  which  are  liable  to  error.  Then  as  to  the 
water  supply,  I  have  had  a  great  deal  to  do  with  various 
wells,  and  my  impression  is  that  some  of  the  water  we  have 
in  Liverpool,  comes  from  the  sea.  I  know  that  this  view  is 
objected  to,  and  chemists  say  it  is  impossible.  The  water, 
they  maintain,  could  not  lose  its  chloride  of  sodium.  But 
some  years  ago.  Dr.  Isaac  Eoberts  made  a  series  of 
experiments  by  forcing  water   through  four   or  five  feet 
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of  sandstone,  and  it  made  an  appreciable  difference  in  the 
saltness.  Now  if  you  could  force  sea  water  through  400  or 
500  feet  of  sandstone,  it  would,  I  apprehend,  lose  a  good  deal 
of  its  saline  ingredients.  It  is,  moreover,  well  known  that 
the  old  wells  in  the  neighbourhood  of  Liverpool  are  gradually 
becoming  brackish,  and  I  believe  that  the  wells  at  a  greater 
distance  will  suffer  in  future  years.  The  amount  of  water  we 
get  from  the  sandstone  at  Liverpool  far  exceeds  the  original 
estimate,  and  I  cannot  come  to  any  other  conclusion  but  that 
it  is  in  consequence  of  water  which  filters  from  the  sea.  The 
Green  Lane  well  has  yielded  3^  million  gallons  a  day 
for  a  very  long  period.  It  was  sunk  by  a  Company  60 
years  ago;  I  do  not  know  why  they  made  it  there;  but  it 
so  happens  it  is  on  a  great  fault  and  that  I  believe  explains 
the  copious  supply.  Then  as  to  the  age  of  the  marls, 
there  is  no  doubt  they  are  the  Saliferous  Keuper  Marls. 
Pseudomorphous  salt  crystals  are  common  in  them.  As  to 
the  thickness  of  the  beds  (represented  in  the  exhibited 
Section,)  all  have  been  proved  by  borings  in  the  neighbour- 
hood of  Liverpool. 

I  do  not  know  any  part  of  the  country  where  the  Trias 
has  been  pierced  to  the  same  extent  as  at  Liverpool — by 
tunnelling  under  the  Mersey  and  other  excavations. 

As  to  Mr.  Dickinson's  question,  I  am  considering  whether 
it  would  be  possible  to  get  the  map  copied. 

Mr.  Stirrup  :  The  boring  at  Bidston — was  that  for  water 
or  for  coal  P 

Mr.  Wells  :  There  were  two  at  Bidston ;  the  one  referred 
to  is  on  the  other  side  of  Bidston  Hill. 

Mr.  Morton  :  I  do  not  know  anything  about  that  boring, 
excepting  that  it  was  made  in  search  of  Coal.  We  could 
get  no  information  whatever  from  the  person  who  made  it. 

Mr.  Wells  :  Are  the  wells  to  be  found  in  the  Keuper  P 

Mr.  Morton  :  Yes,  originally  they  were  principally  in  the 
Keuper.     It  is  rather  remarkable  that  at  Schweppe's  Soda 
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Water  Manufactory  they  have  a  well  in  the  Keuper,  and 
up  to  ten  years  ago  they  were  using  the  water  from 
it.    They  had  it  analysed  and  it  was  found  satisfactory. 

Mr.  Wells  :  If  Mr.  Morton  will  be  kind  enough  to  leave 
the  sheets  I  shall  be  most  happy  to  copy  them  for  the  benefit  of 
the  Society.    I  think  they  contain  very  valuable  information. 

Mr.  Morton  :  A  question  was  asked  as  to  the  amount  of 
dislocation.  I  give  a  list  of  the  faults  in  the  paper.  There 
are  several  of  only  a  few  feet;  the  others  vary,  being 
600  ft.,  300  ft.,  100  ft.,  90  ft.,  30  ft.,  and  so  on.  They  are 
very  similar  to  those  in  the  Coal  Measures. 

Mr.  Stirrup:  I  presume  all  these  particulars  appeared 
in  the  new  edition  of  Mr.  Morton's  *'  Geology  of  Liverpool.*' 

Mr.  Morton  :  Not  all  of  them.  The  map  which  appears 
in  the  new  edition  is  not  so  complete  as  that  now  before  you. 

Mr.  Dickinson  :  Which  of  these  beds  does  the  Mersey 
tunnel  pass  through  P 

Mr.  Morton  :  The  Upper  Hard  Sandstone.  In  going  through 
it  not  a  single  pebble  was  found,  and  the  officers  of  the 
Oeological  Survey  said  that  the  name  formerly  given  to 
the  Pebble  Beds,  was  absurd. 

Mr.  Dickinson  :  The  rock  which  is  so  conspicuous  in 
Lime  Street  Station  is  the  Keuper  is  it  not  P 

Mr.  Morton  :  It  is  the  base  of  the  Keuper. 

Mr.  Wells  :  The  Runcorn  quarries — what  are  they  ? 

Mr.  Morton:  They  are  Keuper,  and  they  contain 
footprints  similar  to  those  found  in  the  Keuper  at 
Liverpool. 


Mr.  W.  F.  HoLROYD,  F.G.S.,  read  a  paper  by  Mr.  J. 
Barnes,  F.G.S.,  and  himself  "On  the  Influence  of 
Subterranean  Excavations  in  Limestone  Areas,  and  a  Con- 
sideration of  the  Atmospherical,  Physiological,  and  Hygienic 
Conditions  produced  thereby." 
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The  romantic  scenery  of  Mountain  Limestone  areas  is 
well  known  to  all  geologists,  whether  viewed  from  the  point 
of  its  lofty  tors  of  precipitous  limestone,  such  as  may  be  seen 
in  the  Winnatts  at  Castleton,  or  the  High  Tor  at  Matlock, 
or  from  the  point  of  the  artistic  beauty  of  the  winding  dales, 
such  as  Beresfoixl  Dale,  Cave  Dale,  Dove  Dale,  or  the  lesser 
known  ones  of  Deep  Dale,  Narrow  Dale,  or  Glutton  Dale, 
so  rich  alike  in  geological,  mineralogical,  and  botanical 
treasures. 

The  water,  which  falls  in  the  form  of  rain  and  snow,  in  a 
limestone  district  soon  settles  through  the  soil  and  subsoil,  and 
enters  the  joints  and  crevices  of  the  rock.  Being  more  or  less 
charged  with  carbonic  acid  it  acts  upon  the  smaller  joint<s  of 
the  limestone,  eating  the  adjacent  sides  away,  and  gradually 
enlarging  them.  This  action  we  have  already  described  at 
some  length  in  a  former  paper  on  "The  Mountain  Limestone 
Caverns  of  Tray  Cliff  Hill,  Castleton,  Derbyshire."*  In 
this  manner  spaces  are  often  formed  in  the  joints,  generally 

*  Trans.  Man.  Geol.  Soc,  Part  X.,  Vol.  XXIV. 
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in  the  form  of  a  rhomboid,  and  the  water  appears  to 
have  enlarged  its  path  in  all  directions,  above,  laterally, 
and  below.  (Refer  to  diagrams  of  acid  eaten  joints  in 
limestone.)* 

It  is  to  the  action  of  such  acidulated  water  also  that  the 
irregularly  shaped  blocks  of  limestone  often  used  as  rockeries 
are  due,  being  eaten  into  fantastic  and  grotesque  forms, 
and  sometimes  having  holes  of  large  size  eroded  through 
them. 

The  subterranean  cavities  thus  formed  are  sometimes 
partially,  and  sometimes  wholly,  filled  with  water,  and  a 
progressive  action  is  nuiintained  imtil  a  system  of  intricate 
underground  drainage  is  established  of  vast  extent  and 
influence. 

In  other  places  in  the  limestone,  and  particularly  in  the 
joints  at  the  apex  of  an  anticlinal  fold,  which  are  much 
opened,  we  have  by  the  same  process,  circular  and  generally 
somewhat  vertical  holes  formed,  which  are  known  as 
"  swallow  holes."  They  have  been  formed  by  the  action  of 
the  carbonic  acid  in  the  water,  enlarging  a  series  of  joints, 
which  were  more  or  less  vertical,  and  in  a  line  above  each 
other,  imtil  streams  of  considerable  magnitude  are  capable 
of  being  swallowed  up  by  them.  (See  diagram  of  formation 
of  a  "  swallow  hole.")* 

The  extent  of  these  swallow  holes  is  very  considerable, 
one,  in  the  Blue  John  Mine,  was  found  to  be  49  feet  in 
vertical  height  and  from  3  to  4  feet  in  diameter.  This 
shaft  did  not  open  out  to  the  surface,  but  to  the  end  of  a 
large  chamber.  The  sides  of  this  swallow  hole  are  draped 
with  white  or  buff  stalactitic  wall  covering  or  dripwork,  and 
at  the  top  of  the  cavern  above  it  are  numerous  pendent 

•  Trans.  Man.  Geol.  Soc,  Part  X.,  Vol.  XXIV. 
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stalactites,  showing  that  its  formation  is  due  to  percolating 
water  charged  more  or  less  with  carbonic  anhydride. 

The  underground  passages  may  extend  for  miles,  and 
ramify  in  all  directions,  many  of  the  limestone  hills  in 
Derbyshire  being  completely  honeycombed  with  large 
chambers  connected  by  swallow  holes,  through  which  water 
passes,  and  traversed  by  rapidly  moving  streams  of  water  of 
great  volume,  as  for  example  Tray  Cliff  Hill,  Cow  Low,  and 
Hurd  Low  at  Castleton. 

See  also  M.  Martell's  "British  Caves  and  Sp^l^ology," 
Marble  Arch  (Ireland),  and  Bagshaw  Caves,  at  Bradwell, 
and  Castleton  Caves,  Derbyshire. 

There  are  also  three  similar  caves  at  Eyam  and  Stoney 
Middleton,  which  have  not  j^et  been  scientifically  explored, 
all  connected  and  traversed  by  a  large  stream  of  water. 

As  a  proof  of  the  great  extent  of  these  subterranean 
passages  at  Castleton,  we  may  say  that  we  have  placed  a 
quantity  of  colouring  matter  in  a  roaring  stream  in 
Speedwell  Mine,  where  there  is  a  vast  natural  opening,  and 
it  has  only  been  noticed,  after  a  lapse  of  24J  hours,  emerging 
from  the  stream  of  the  Russet  Well  beyond  Peak's  Hole. 
As  the  stream  moves  rapidly  the  course  may  possibly  extend 
for  many  miles  along  the  underground  passages,  winding 
about  among  the  rocks  until  at  last  it  reappears  at  a  lower 
level.  Many  attempts  have  also  been  made,  but  hitherto 
without  success,  to  ascertain  the  exit  of  the  water  from  the 
stream  flowing  through  the  Blue  John  Mine.  It  goes  on 
descending  the  waterways  until  it  is  impossible  to  follow  it 
further,  and  although  colour  has  been  put  into  it  and  careful 
search  and  inquiries  made,  its  reappearance  has  never  been 
noted. 

Thus  we  see  that  carbonic  acid  derived  from  the  atmos- 
phere, and  to  a  much  larger  extent  from  the  decomposing 
vegetable  matter  upon  the  surface  of  the  soil,  plays  a  highly 
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important  part  in  the  economy  of  nature,  inasmuch  as  it  is 
capable  of  dissolving  the  solid  limestone  which  was  once 
formed  by  organic  means  at  the  bottom  of  the  sea,  and  of 
carrying  some  of  this  lime  in  solution  along  the  rivers  to  the 
sea  again,  in  order  to  be  utilized  by  the  marine  animals  in 
forming  their  hard  parts,  thus  revealing  to  us  an  interesting 
cycle  in  nature. 

We  have  made  some  experiments  to  ascertain  the  rate  of 
solution  of  calcium  carbonate  in  water  charged  with  carbonic 
anhydride,  and  find  that  when  a  water  is  fully  charged,  and 
is  allowed  to  act  upon  a  limestone,  the  maximum  rate  of  the 
solubility  of  the  limestone  is  64  grains  per  gallon  at  15''  C, 
and  the  specific  gravity  of  the  solution  is  1'0022. 

The  volume  of  this  underground  water  depends  of  course 
upon  the  rainfall  of  the  district,  and  where  this  is  large,  the 
geological  work  accomplished  is  very  considerable,  and  of 
great  importance  to  the  well-being  or  otherwise  of  the 
population  on  the  surface. 

The  rocks  being  thus  permeated  by  water,  give  rise  to 
what  is  known  as  the  water  level  of  the  district,  which  may 
be  near  the  surface,  as  it  is  when  the  formation  below 
consists  of  shales  and  clays,  or  at  a  considerable  distance 
below,  as  in  the  case  of  a  limestone  district. 

The  amount  which  flows  from  the  surface  in  streams,  or 
which  penetrates  the  ground,  depends  upon  the  configuration 
of  the  surface,  the  nature  of  the  soil,  the  season  and 
temperature,  and  most  of  all  on  the  underlying  rock. 

"  On  the  New  Red  Sandstone  25  per  cent,  penetrates  into 
the  ground ;  on  chalk  and  limestone  42  per  cent. ;  on  loose 
sand  96  per  cent."* 

It  is  not  advisable,  however,  to  make  use  of  water  from 
hmestone  caves  and  fissures  indiscriminately  and  without 

♦  Lane  Nott^r  &  Firth,  "  Hygiene/*  page  65. 
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it  being  regularly  tested.  It  is  liable  to  much  con- 
tamination from  organic  decaying  material  washed  into 
the  caves — ^bodies  of  stray  animals  which  have  fallen  into 
the  fissures,  or  from  some  of  the  steep  limestone  cli£Ps  and 
escarpments. 

After  having  descended  the  opening  of  the  Gulf  of 
Padirac,  M.  Martel  says,  on  page  264,  "  Les  Abimes'*:  "Let 
us  pass  under  the  arch.  We  hear,  arising  from  below,  a 
murmur  !  There  must  be  water,  cries  Amaud,  there  is  the 
looked-for  river  !  But  shall  we  be  able  to  follow  it  ?  In 
the  dark  gallery  of  which  this  gateway  forms  the  entrance, 
is  a  heap  of  slippery  and  cracked  clay  inclined  at  35°,  the 
stony  talus  appearing  to  continue.  There  we  are  hindered 
by  numerous  carcasses  of  animals  in  a  high  state  of 
decomposition,  which  have  either  fallen  or  been  thrown  into 
the  pit.  It  is  a  veritable  chamel  house.  What  a  horrid 
smell !  "  And  again  in  France,  with  regard  to  sources  of 
typhoid  fever,*  M.  Martel  says  : — 

"The  epidemic  of  typhoid  fever,  developed  by  theaccidental 
contamination  of  wells  and  sources,  continues  to  manifest 
itself  on  all  sides.  Recently  the  attention  of  the  Government 
has  been  called  to  the  gravity  of  this  fact  by  a  question  from 
M.  le  Dr.  Labb^  to  the  Minister  of  War,  at  the  meeting  of 
the  Senate  of  18th  November,  1898.  On  this  occasion 
M.  De  Freycinet  has  noted  and  recognised  the  grave  danger 
that  follows  to  the  public  health  by  the  pollution  of  rivers 
and  sheets  of  subterranean  water.  The  interesting  discus- 
sion provoked  by  this  debate  is  to  be  found  in  the  Official 
Journal  of  19th  November,  1898.t" 

Some  of  the  waters  never  reappear  but  reach  the  sea  under- 
ground ;  others  form  springs,  and  come  up  faults  and  fissures, 
or  emerge  from  a  porous  bed  on  the  side  of  a  dale  or  valley. 

•  F  123,  Spelunca,  No.  16,  1898,  M.  Martel. 
t  Accounta  of  the  Proceedings  of  the  Senate. 
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The  blocks  of  limestone,  being  loosened  by  the  removal  of 
material  from  between  the  joints,  and  by  the  widening  of 
the  joints,  often  fall  from  the  roofs  of  caverns,  sometimes 
blocking  the  stream  and  compelling  the  water  to  find  a  new 
course.  The  distance  from  the  roof  to  the  surface  of  the 
soil  is  lessened  by  the  action  of  the  water  and  the  falling  of 
the  roof,  imtil  at  last  the  cavern  is  opened  out  to  tiie  sky,  and 
irregular  winding  dales  are  thus  formed. 

Moreover,  not  only  are  the  superfluous  waters  removed 
from  the  sxirface,  but  this  removal  brings  about,  along  with 
other  agencies,  important  Atmospherical,  Physiological  and 
Hygienic  results. 

As  the  water  level  is  much  below  the  surface,  the  soil  and 
subsoil  contain  little  moisture  and  much  air.  This  is  called 
"  ground  air,"  and  it  fills  all  the  spaces  in  the  rock  not 
occupied  by  water ;  it  varies  with  the  rainfall,  temperature, 
and  barometrical  pressure.  The  absorbing  power  of  the  soil 
for  heat  varies  much  according  to  the  geological  formation 
and  colour,  while  the  radiating  power  depends  on  the  kind 
and  thickness  of  the  vegetation  growing  upon  it. 

The  following  figures,  taken  from  Dr.  Lane  Notter  and 
Firth's  book  on  "  Hygiene,"  page  183,  give  the  expression 
of  the  respective  powers  which  different  soils  have  of 
retaining  heat : — 

Lime  sand 100 

Pure  sand 95*6 

Light  clay 769 

Gypsum 72*2 

Heavy  clay 71-1 

Clayey  earth 68-4 

Pure  clay       66*7 

Fine  chalk         61-8 

Humus 490 
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As  judged  by  the  relative  power  for  losing  heat,  soils 
appear  to  stand  in  the  following  order :  clays,  loams,  marls, 
chalk,  sand.  Sands  not  only  warm  more  rapidly  than  other 
soils,  but  also  appear  to  retain  heat  better. 

Now  the  temperature  of  the  soQ  has  a  very  important 
bearing  upon  health.  From  what  has  been  said  above  it  will 
be  seen  that  a  limestone  rock,  subsoil  and  soil,  forms  a  warm 
groimd.  The  warm  ground  has  a  direct  influence  upon  the 
temperature  and  dr\'ness  of  the  atmosphere,  and  these  again 
react  upon  the  human  body  to  an  appreciably  beneficial 
extent. 

The  members  of  this  Society  are  aware  that  we  have  made 
many  visits  to  Derbyshire,  on  pleasure  bent,  geological, 
hygienic  and  otherwise,  and  we  have  not  only  been 
intellectually  occupied,  but  also  physically  benefitted  in  the 
matter  of  renewed  health. 

We  had  often  been  struck  with  the  effects  .experienced  in 
going  from  Manchester  to  Mountain  Limestone  districts, 
particularly  Castleton;  these  effects  being,  first,  a  marked 
ease  given  to  the  respiratory  organs;  second,  a  very  nfoticeable 
influence  upon  the  functions  of  the  renal  organs;  and  thirdly, 
a  powerful  effect  upon  the  skin,  relieving  it  of  moisture  in  a 
manner  to  be  described  later  on. 

We  have  made  a  number  of  observations  upon  the 
comparative  presence  or  absence  of  moisture  in  the 
atmosphere,  as  compared  with  other  localities,  by  means 
of  the  hygrometer,  and  find  that  as  a  result  of  the 
geological  phenomena  we  have  described,  the  air  dries 
again  very  rapidly  after  rain. 

Of  course  when  there  are  hea\y  rains  at  Castleton  the 
atmosphere  is  saturated  as  in  other  places,  but  extremes  of 
drvness  are  greater  there  than  we  have  observed  here  in 
^^lanchester,  for  here  the  wet  and  dry  bulbs  of  the  hygrometer 
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are  often  near  together,  which  shows  that  the  moisture  in  the 
air  is  near  saturation  point. 

The  greatest  differences  hitherto  observed  in  Manchester 
are  as  follows : — 


Date. 

8  a.m. 

13  noon.             i 

4P 

m. 

D.B. 

W.B. 

Diff. 

•/• 

D.B. !  W.B. 

Diff. 

"/o 

D.B. 

W.B. 

Diff.    Vo 

May  30,  189S  . 

55 

49 

6 

64 

1 
1  54 

50 

4 

74  1 

52 

50 

2 

86 

June  13     „     . . 

62 

56 

6 

67 

62 

57 

5 

72 

54 

50 

4 

74 

M     16     „     .. 

61 

55 

6 

66 

62 

58 

4 

77 

61 

57 

4      76 

M    17     „     .. 

62 

55 

7 

67 

70 

62 

8 

61  ; 

68 

60 

8  ;  60 

J^iy  17    „    . . 

67 

63 

4 

78 

70 

64 

6 

69  1 

66 

62 

4  ■  78 

.,    27     „     .. 

64 

59 

5 

72 

68 

60 

8 

58 

66 

60 

6  1  68 

The  following  observations  show  how  rapidly  the  air  can 
change  in  the  district  under  notice  (Castleton),  even  in  an 
hour's  time,  after  a  heavj"  shower  of  rain : — 


Date,  September  4th,  1897. 


Per  cent,  of 

If  ma. 

D.B. 

W.B. 

Difference 

humidity. 

10-35  a.m 

I.      55      . 

.      51      . 

.      4 

=     74-5 

10-45      . 

.      60      . 

.      56      . 

.      4 

=     76 

10-50      . 

.      52      . 

.      48      . 

.      4 

=     74 

10-55      . 

.      53      . 

.      49      . 

.      4 

=     74 

11-0 

.      53i    . 

.      50      . 

.      3* 

=     80 

11-5 

.      59      . 

.      55i    . 

.      3i 

=     81-5 

11-10      . 

.      60      . 

.      54      . 

.      6 

=     66 

11-15      . 

.      58J    . 

.      53      . 

.      5i 

=     66 

11-30      . 

.      60      . 

.      55      . 

.      5 

=     71 

12-15      . 

.      54      . 

.      48      . 

.      6 

=     64 
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As  an  example  of  the  greatest  drjiiess  of  the  air,  we  find 
on  April  8th,  1898,  dry  bulb  72^  wet  bulb  o9J^ ;  difference 
12J'',  or  only  47  per  cent,  of  humidity. 

The  following  table  shows  the  variation  from  August 
11th  to  August  21st,  1898,  at  Castleton :— 


Date. 

8a 

m. 

12  noon. 

i 

.m. 

D.B. 

W.B. 
63 

DIff. 

Vo 

D.B. 

78 

W.B. 
70 

Dlff. 

8 

63 

I  D.B. 

! 

W.B. 

Difl.'  V* 

Aug.  11  .. 

65 

2 

88 

..!.. 

„   12.. 

62^ 

60 

2i 

82 

82 

73 

9 

60 

„   13.. 

65 

61 

4 

77 

72 

65J 

64 

65 

70 

64 

6 

69 

„   14.. 

62i 

61 

H 

87 

75 

66 

9 

59 

81 

70 

11 

5-2 

M   13.. 

64 

61 

3 

82 

72 

66 

6 

69 

70 

65 

5 

73 

„  16  . 

64 

60J 

3J 

78 

74 

68 

6 

70 

80 

72 

8  ;  63 

.,  17.. 

61 

58 

3 

82 

76 

68 

8 

63 

j78 

69i 

8i:  62 

M  18.. 

58 

5oi 

2i 

84 

69 

62 

7 

64 

1  64 

59 

5 

72 

„  19.. 

56^ 

55^ 

1 

90 

'  60 

59 

1 

88 

j62 

61 

1 

90 

„  20  . . 

61 

60 

1 

90 

71 

66 

5 

73 

h^ 

69 

8 

63 

M  21  .. 

64 

62 

2 

88 

79 

72 

7 

67 

!  68 

62 

6 

68 



The  figures  for  August  14th  are  very  instructive,  for  we 
find  a  difference  in  eight  hours  of  35  degrees  of  humidity. 
Compare  also  the  mornings  and  afternoons  of  the  20th 
and  21st. 

It  is  very  rare  that  the  percentage  comes  so  low  as  50. 
These  figures  show  that  the  water  passing  off  the  land  so 
much  more  quickly,  renders  the  air  drier,  inasmuch  as 
there  is  a  smaller  amount  to  evaporate,  while  in  towns 
and  places  where  the  water  remains  on  the  surface 
the  air  continues  nearer  the  saturation  point  for  a  much 
longer  period. 

In  addition  to  this,  50  per  cent,  more  water  drains  off 
undulating  ground  than  from  the  comparatively  level  areas ; 


Vol.  XXvi.]         THE  INFLUENCE  OF  SUBTEBRANEAN  EXCAVATIONS.        215 

and  80  it  comes  about  that  even  after  three  or  four  hours 
continuous  downpour  of  rain,  the  water  is  carried  off  so 
quickly  that  the  surface  soil  soon  dries,  and  the  atmosphere 
possesses  a  lower  degree  of  humidity. 

It  may  be  said  that  the  beneficial  effects  experienced  are 
not  altogether  due  to  the  difference  in  the  drjTiess  of  the 
atmosphere,  but  partly  due  to  the  purity  of  atmosphere,  and 
to  the  absence  in  this  district  of  solid  particles  of  dust  arising 
from  manufacturing  and  commercial  pursuits.  But  it  was 
foimd  by  us  that  it  was  j)ossible  to  go  to  a  district  not  on 
the  limestone,  but  still  where  the  air  was  pure,  yet  not 
so  dry,  and  not  obtain  the  same  beneficial  effects. 

In  most  large  towns  not  on  the  limestone,  but  on  cold  shales 
or  glacial  clays,  the  wet  and  dry  bulbs  of  the  hygrometer  are 
often  near  together,  indicating  that  the  air  has  become 
almost  saturated  with  moisture. 

Now  as  to  the  physiological  and  hygienic  effects  produced 
on  the  body  by  the  greater  drj'ness  of  the  air  in  a  limestone 
district.  The  human  body  consists  of  two- thirds  its  own 
weight  of  water  alone.  The  water  acts  as  a  carrier  of  poisonous 
excretory  matter  from  the  body,  the  three  great  excretorj'' 
organs  being  the  lungs,  the  kidneys  and  the  skin.  If  any 
one  of  these  fail  in  its  appointed  functions  more  work  is 
thrust  upon  the  other  two.  The  quantity  of  watery  vai^our 
given  off  from  the  body  is  greatly  influenced  not  only  by  the 
different  degrees  of  muscular  exertion  and  repose,  but  also 
under  the  ever-changing  degree  of  moisture  of  the 
atmosphere.  Speaking  roughly,  10  oz.  are  given  off  by  the 
lungs  and  some  20  oz.  by  the  skin  per  day.  This  is 
equivalent  to  about  550  grains  per  hour.  At  an  average 
temperature  of  60"*  F.,  this  means  enough  moisture  is 
given  off  by  the  human  body  every  hour  suflicient  to  saturate 
90  cubic  feet  of  air,  and  this  is  from  the  lungs  and  skin  alone. 


216         MESSRS.   J.    BAU37E3   AND   W.    F.    BOLHOTD,    ON         [April,  1899, 

The  amount  of  aqueous  vapour  of  course  varies,  but  the  chief 
cause  of  this  variation  is  the  varying  quantity  in  the  inspired 
air.  In  large  towns,  because  of  the  impurity  of  the 
atmosphere,  the  lungs  cannot  do  their  proper  work.  First,  we 
have  dust,  mechanical  impurity,  which  clogs  the  delicate  lung 
tissue  and  prevents  the  proper  oxidation  of  the  blood  in  the 
tissues.  Then  we  have  an  excessive  amount  of  carbonic  acid 
gas,  the  result  of  manufacturing  processes  and  the  density  of 
the  population;  and  lastly,  we  have  an  atmosphere  which  is 
normally  nearer  the  saturation  point  with  water,  consequently, 
the  air  which  enters  the  lungs  is  almost  as  moist  as  that 
which  returns  from  it,  and  thus  more  work  is  thrown  upon  the 
kidneys  and  the  skin. 

In  the  limestone  districts  the  air  being  drier  for  a  greater 
length  of  time  during  the  day  the  lungs  expire  more 
moisture  and  receive  more  oxygen  and  purer  air.  Any 
cause  which  draws  off  a  large  quantity  of  fluid  from  the 
body  through  any  other  channels  than  that  of  the  kidney, 
€.g,y  the  skin  or  the  limgs,  lessens  the  quantity  of  water  in 
the  urine  and  increases  the  specific  gravity — for  the  amoimt 
of  solids  discharged  by  the  kidneys  daily  is  fairly  constant. 
Thus  in  cold  weather  when  perspiration  is  scanty,  the 
discharge  by  the  kidneys  is  most  abundant  and  more  dilute 
than  in  summer,  when  the  amount  of  water  vapour 
discharged  from  the  skin  is  great.  A  healthy  adult  passes 
on  the  average  about  50  fluid  ounces  or  2J  pints  daily  from 
the  kidneys,  the  amount  of  solids  in  solution  being  about 
2  ounces  or  4  per  cent.  In  towns  it  has  been  specially  noticed 
that  more  work  is  thrown  upon  the  kidneys,  and  the  rate 
of  expulsion  of  water  is,  compared  with  that  in  the  coimtry 
on  limestone  ground  as  12  is  to  5  ;  in  other  words,  12 
expulsions  of  water  per  24  hours  are  required,  while  on  a 
limestone  area  under  similar  conditions  of  diet  only  4  or  5 
are  needed.     The  lungs  also  benefit  greatly  by  the  drier 
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air,  and  this  is  absolutely  regardless  of  a  colder  temperature. 
It  is  noticed  that  bronchial  affections  rapidly  disappear,  and 
that  coughs  and  sore  throats  soon  vanish  under  the 
invigorating  influences  of  a  purer  and  drier  air. 

It  is  now  known  that  consumption  microbes  multiply 
rapidly  in  moist  and  damp  atmospheres,  while  dryness 
retards  their  growth. 

It  is  to  this  dryness,  too,  that  we  are  obliged  to  attribute 
the  unusual  healthiness  of  high  latitudes,  and  the 
freedom  from  chest  complaints  of  those  who  live  on  the 
higher  reaches  of  the  Alps  and  other  places  situate  on  high 
mountains  such  as  Davos  Platz. 

We  find  also  the  greatest  development  of  chest  complaints, 
phthisis,  &c.,  in  damp  areas,  such  as  the  West  of  Scotland, 
Isle  of  Man,  Cumberland,  and  Westmorland. 

It  has  also  been  noticed  that  the  drier  air  stimulates  the 
secretion  of  the  gaitric  fluid  in  the  stomach  in  a  remarkable 
manner,  producing  at  first  acidity  of  the  stomach,  though 
this  is,  doubtless,  temporary,  and  would  pass  away,  or  its 
effects  not  be  felt,  after  a  longer  stay  in  the  district. 

The  drjTiess  of  the  air  affects  the  body  too  in  another 
way.  It  is  found  that  a  much  smaller  amount  of  sleep 
is  required,  nature  recruiting  itself  much  more  quickly  than 
in  the  town,  because  of  the  greater  supply  of  oxygen  in 
the  air,  its  drjiiess,  and  the  stimulation  of  the  excretory 
organs. 

Its  effects  have  also  been  noticed  on  the  vocal  chords,  which 
it  seems  to  strengthen  in  such  a  way  as  to  give  the  voice  a 
firmer  tone. 

The  acoustic  properties  of  the  air  in  buildings  in  limestone 
districts  has  also  been  remarked  as  being  better  than  that  of 
towns,  the  tones  in  singing  being  heard  much  more  clearly ; 
whilst  the  air  on  the  surface  of  the  limestone  district  is  of 
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varied  degrees  of  dryness,  the  air  in  the  caverns  is  always 
nearly  saturated  with  moisture,  containing  at  least  99  per 
cent. 

We  think  that  enough  has  been  said  to  show  that  these 
important  physiological  and  hygienic  effects  are  produced  on 
the  human  body  as  the  result  of  the  peculiar  geological 
formation  underlying  the  soil,  and  that  the  limestone  rocks 
are  a  source  of  important  consequences  to  health. 


Mr.  Saint  proposed  and  Mr.  John  Ashworth  seconded  a 
vote  of  thanks  to  the  authors,  the  latter  corroborating  from 
his  own  experience  what  the  authors  had  said  as  to  the  good 
efiect  on  health  of  living  in  a  limestone  district. 

Mr.  Dickinson  :  I  see  the  greatest  difference  between  any 
observations  on  the  wet  and  dry  bulb  thermometers,  accord- 
ing to  the  tables  before  us,  is  9°.  We  who  go  down  into 
deep  mines  know  that,  as  a  rule,  the  return  air  from  all  deep 
workings  fihows  a  very  marked  difference  between  the  wet 
and  the  dry  bulb — exceeding  the  highest  shown  in  these 
tables.  That  I  should  suppose,  from  the  remarks  in  the 
paper,  is  indicative  of  a  healthy  air.  The  colliers,  as  a  rule, 
are  exceedingly  healthy  and  long-lived  men. 

Mr.  Holroyd:  It  is  upon  the  greater  difference  on 
limestone  areas,  that  we  are  relying — the  dryness  of  the  air 
being  more  beneficial.  The  greater  the  difference,  the  more 
beneficial  is  the  effect  it  has  on  the  body,  up  to  a  certain 
point. 

Mr.  Dic:kins()n  :  I  am  very  glad  that  is  made  plain, 
because  it  is  stated  by  many  observers  that  no  class  of 
workman  can  earn  his  living  to  a  greater  age  than  the 
collier  who  has  worked  in  a  fairly  well-ventilated  mine. 

Mr.  Holroyd:  That  is  a  very  important  corroborative 
proof  that  dryness  of  the  air,  up  to  a  certain  degree,  is  very 
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beneficial,  whilst  to  live  in  an  atmosphere  which,  on  an 
average,  is  near  saturation  point,  is  more  or  less  injurious  to 
health. 

3Ir.  Dickinson  :  I  have  myself  taken  hundreds  of  obser- 
vations underground,  and  hundreds  on  the  surface.  It  is 
very  rarely  indeed  that  you  will  find  the  air  fully  saturated 
on  the  surface. 

Mr.  Holroyd:  With  regard  to  the  figures  shovm  on  the 
black  board,  it  is  true  they  are  selected  ones,  but  they  may 
be  taken  as  an  average,  with  the  exception  of  the  last  one 
which  I  quoted.  This  gave  IH  degrees  of  difference,  which 
brought  the  dryness  up  to  48  at  Castleton  in  the  afternoon — 
a  state  of  things  I  have  never  known  to  be  equalled  in 
Manchester  and  Salford  during  many  years. 

The  vote  of  thanks  was  unanimously  passed. 

Mr.  Holroyd  briefly  replied  and  remarked  that  any  one 
who  wanted  to  learn  anything  about  the  work  of  underground 
drainage,  either  in  its  Geological,  Physiological,  or  Hygienic 
aspect,  could  not  do  better  than  study  the  publications  of  the 
Societe  de  Speleologie  of  Paris. 
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MANCHESTER    GEOLOGICAL    SOCIETY. 


Part  VIII.  Vol.  XXVI.  Session  1898-99. 


An  Ordinary  Meeting  of  the  Members  of  the  Society- 
was  held  on  Friday,  May  12th,  1899,  in  the  Mining  School, 
Wigan. 

Mr.  W.  S.  Barrett  in  the  Chair. 


DEATH    OF    THE    PRESIDENT. 


The  Chairman  said:  Gentlemen,  before  we  begin  the 
business  of  the  meeting,  we  have  a  melancholy  duty  to 
perform.  As  you  know,  since  our  last  meeting  we  have  had 
the  misfortune  to  lose  our  President  and  Treasurer,  Mr. 
Clegg  Livesey.  Those  who  have  been  members  of  the 
Society  for  any  length  of  time  will  be  aware  of  the  attention 
to  the  institution  which  characterised  Mr.  Livesey.  As 
treasurer  he  occupied  a  position  of  responsibility  in  connec- 
tion with  the  Society,  and  by  electing  him  President  the 
Society  conferred  upon  him  its  highest  honour.  I  will  say 
no  more  with  regard  to  a  gentleman  who  was  so  well  known 
in  connection  with  the  trade  of  the  district,  but  beg  to 
move   the   following  resolution  :-^**  That    the    Manchester 
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Geological  Society  has  heard  with  great  regret  of  the  death 
of  their  respected  president,  Mr.  Clegg  Livesey,  who  also 
occupied  for  some  year  the  posts  of  treasurer  and  trustee, 
and  desires  to  express  to  Mrs.  Livesey  and  family  deep 
sjTnpathy  at  their  loss,  and  that  a  copy  of  this  resolution  be 
sent  to  Mrs.  Livesey." 

Mr.  John  Ridyard  said :  It  is  with  sorrow  that  I  second 
this  proposition.  I  have  known  Mr.  Clegg  Livesey  for 
many  years  and  he  was  always  a  very  useful  member  of  our 
Society,  particularly  with  regard  to  his  long  term  of  office 
as  treasurer.  He  undertook  the  office  of  president  very 
much  against  his  will  on  account  of  ill  health,  but  he  was 
induced  by  the  members,  and  particularly  by  Mr.  Dickinson, 
to  accept  the  office  for  the  year.  It  is  with  sorrow  we  have 
heard  of  his  death,  and  I  quite  coincide  with  what  has  been 
proposed  by  Mr.  Barrett. 

The  motion  was  passed  unanimously. 


Mr.    Harrison   Deans   exhibited  and    described    "The 
Pneumatophor  Rescue  Appliance  for  use  in  Mines." 
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THE    PNEUMATOPHOR    RESCUE    APPLIANCE 
FOR    rSE    IX    MINES. 

By    3Ir.    Harrison    Deans. 


Mr.  Deans  said,  that  after  an  explosion  of  fire  damp 
or  coal  dust,  or  during  underground  fires  in  a 
mine,  it  was  of  the  utmost  importance  that  some  one  should 
go  down  the  pit  as  quickly  as  possible  to  rescue  anyone  who 


ONE  CYLINDER  TYPE. 


A     :=  Breathing-'bag. 
M     =  Month-piece. 
H     =  Breatbing-tu'be. 
8i     =  Slit  in  the  bag. 
Ti,2^  Straps  for  carrying 

(removable). 
y     =  Noee-clip. 


X  =  Caustic  soda  apparatus. 

5,=  Oxygen  cylinder. 

V  =  Clamp. 

b  ^  Bottle-sling. 

h  =:  Head-piece  of  pipe. 

r  :=  Valve-wheel. 

8  :=  Screw. 
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might  be  there  alive,  or  if  it  should  happen  to  be  too  late  for 
that,  to  bring  up  the  bodies  of  the  persons  who  had  suffered 
in  the  disaster.  It  was  also  advisable  that  the  ventilation 
should  be  restored  and  the  roads  be  opened  speedily,  so  that 
the  working  of  the  mine  might  be  resumed  after  the 
accident.  It  was  equally  well-known  that  it  was  impossible 
for  any  person  to  enter  the  after-damp  without  some 
apparatus  which  would  enable  him  to  breathe  properly. 
This  apparatus  was  extensively  used  in  Germany  at  the 
present  time.  It  was  an  Austrian  patent,  and  when  wearing 
it,  it  was  possible  for  a  man  to  remain  in  noxious  gases  for 
an  hour  if  he  did  no  manual  labour,  or  three-quarters  of  an 
hour  if  working.  They  had  a  similar  apparatus  of  larger 
size,  which  would  enable  a  man  to  remain  down  three  hours. 
The  apparatus  when  out  of  use  was  generally  kept  sealed  up, 
so  that  it  could  not  be  tampered  with  until  required. 

First  of  all  there  was  an  outer  bag  which  was  absolutely 
air,  dust,  and  gas  proof.  In  the  back  of  it  there  were  a 
couple  of  loofah  pads  for  the  purpose  of  absorbing  the 
caustic  soda  solution.  In  the  middle  of  the  top  of  the  bag, 
there  was  the  mouth-piece ;  immediately  upon  entering 
an  atmosphere  which  was  bad  the  nose  was  rendered 
useless  by  the  application  of  a  nose  clip,  and,  there- 
after inhalation  and  exhalation  were  by  way  of  the 
mouth  only.  On  the  right  there  was  a  steel  cylinder 
of  0*6  litres  capacity  for  oxygen,  which  was  made  to 
with-stand  a  pressure  of  250  atmospheres.  At  a  pressure  of 
100  atmospheres,  it  would  hold  60  litres  of  oxygen.  There 
was  also  a  glass  bottle  containing  caustic  soda  solution 
(40  per  cent.J  enclosed  in  a  gauze  covering. 

Supposing  an  explosion  occurred,  and  it  was  desired  to  go 
down  the  pit,  the  operator  broke  the  seal,  took  the  apparatus 
from  the  outer  bag,  and  fastened  it  on  his  shoulders  by  the 
straps,  so  that  it  himg  down.     Then  he  turned  a  screw  in 
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the  top  of  the  bag,  which  worked  upon  an  iron  plate,  which 
in  turn  pressed  upon  the  glass  bottle  containing  the  caustic 
soda.  The  bottle  was  then  shivered,  and  the  contents  spread 
over  the  loofah  pads.  The  wearer  then  went  down  the 
pit  until  he  reached  the  place  where  there  was  a  difficulty  in 
breathing.  Immediately  he  experienced  that,  he  turned  the 
valve  of  the  cylinder  and  the  oxygen  escaped  into  the  bag. 


The  nose  clip  was  fixed  to  render  the  nose  useless,  the  mouth- 
piece put  into  the  mouth,  and  the  man  could  then  breath 
oxygen.  Pure  oxygen  was  inhaled  at  the  beginning. 
Oxygen  mixed  with  carbonic  acid  gas  was  exhaled  and 
returned  to  the  bag ;  the  caustic  soda  absorbed  the  carbonic 
acid  gas,  thus  purifying  the  oxygen  which  was  used 
repeatedly  until  exhausted. 
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Mr.  J.  S.  Burrows  :  What  would  be  the  effect  of  anyone 
breathing  pure  oxygen?  Would  it  not  have  a  very 
stimulating  effect  P 

Mr.  Orsman  said  anyone  breathing  oxygen  got  very 
hungry.  He  mentioned  that  experiments  had  been  made 
upon  rabbits,  with  the  result  that  they  became  ravenous,  and 
could  not  eat  enough  to  keep  themselves  alive. 

Mr.  J.  KoBiNsoN :  I  take  it  that  at  the  end  of  one  hour 
there  would  be  a  foul  mixture  in  the  breathing  bag  ? 

Mr.  Orsman  :  Not  until  the  cylinder  was  emptied  of  its 
oxygen. 

Mr.  Robinson  :  What  is  to  prevent  the  tube  from  being 
knocked  from  the  mouth  ? 

Mr.  Deans  :  There  are  two  pieces  of  rubber  into  which 
to  fasten  the  teeth. 

Mr.  ToNGE :  Has  anyone  worked  with  it  P 

Mr.  Deans  :  It  is  extensively  used  on  the  Continent.  In 
fact  it  has  been  decreed  that  in  certain  Austrian  mines 
coming  under  the  fire  damp  section  an  apparatus  of 
this  kind  shall  be  kept  for  use.  There  they  made  exhaustive 
experiments,  and  decreed  that  this  apparatus  should  be 
selected.  The  result  is  that  these  fiery  mines  are  fitted  up 
with  these  apparatuses  to  the  number  of  five  per  cent,  of  the 
maximum  shift,  including  overseers  and  blasters. 

The  Chairman  :  There  is  no  mechanical  means  of  keeping 
the  mouthpiece  to  the  mouth  P 

Mr.  Deans  :  No.  At  one  time  a  mask  was  tried, 
enveloping  the  whole  of  the  face,  at  another  a  mask 
enveloping  certain  portions  of  the  face,  fitting  tightly  to  the 
head,  but  it  was  foimd  to  be  impracticable. 

Mr.  Robinson  :  I  think  it  is  important  to  secure  the  air  tube 
so  that  the  supply  is  not  cut  off  from  the  man.  I  take  it  you 
would  have  no  objection  to  demonstrating  it  here  to-day  ? 
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Mr.  Deans  :  I  should  not,  but  I  have  not  the  oxygen  or 
the  caustic  soda  here. 

Mr.  Robinson :  I  would  suggest  that  before  it  is  put  into 
use  in  our  mines  that  a  practical  demonstration  of  its  utility- 
be  made. 

In  reply  to  other  questions,  Mr.  Deans  said  the  man 
wearing  the  apparatus  carried  an  electric  light.  The  weight 
of  the  apparatus  was  9  lbs.  Anyone  with  a  little  practice 
could  recharge  the  apparatus  ready  for  use.  It  could  be 
obtained  in  this  country  from  Messrs.  Wallach  Brothers, 
57,  Gracechurch  Street,  London,  E.C. 

Mr.  Burrows:  There  are  cases  in  which  bricksettera 
would  be  very  glad  to  use  the  apparatus. 

Mr.  Deans  referred  to  the  case  of  two  men  being  struck 
down  by  gas  in  a  sewer  in  Manchester.  It  was  stated  at 
the  inquest  that  some  apparatus  was  urgently  required  to 
enable  men  to  go  down  into  the  sewers  where  the  gas  was 
present  without  risk  to  life.  All  sorts  of  apparatuses  were 
offered,  and  amongst  them  the  Pneumatophor,  which  was 
selected  as  the  most  satisfactory  one  to  use,  and  it  would  have 
been  adopted  only  for  the  fact  that  a  man  wearing  it  could 
not  get  through  the  man-hole  into  the  sewer,  and  there 
were  difficulties  in  the  way  of  donning  it  after  getting  down. 

At  the  request  of  the  meeting  Mr.  Deans  took  the 
apparatus  to  pieces  and  explained  the  internal  arrangements. 

Mr.  Ridyard:  Our  thanks  are  due  to  Mr.  Deans  fcr 
explaining  this  apparatus.  I  feel  dure  that  it  would  be 
useful  in  rescue  work  after  an  explosion,  and  to  restore  the 
roads  in  the  mine.  For  those  purposes  the  time  required  is 
not  so  very  long,  and  the  rescue  party  might  be  relieved  at 
suitable  intervals.  To  my  mind  it  is  well  worth  the  attention 
of  colliery  proprietors  and  managers,  who  might  at  any  rate 
give  it  a  trial.      I  think  some  of  them  would  be  willing  to 
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give  an  opportunity  for  testing  its  value.  Members  will 
remember  that  some  years  ago  there  was  an  apparatus  some- 
what s^nilar  to,  but  more  elaborate  than  this — the  Fleuss 
apparatus.  To  iny  mind  this  is  superior,  from  the  fact  that 
it  is  more  portable.  However,  it  remains  to  be  tested,  and 
I  should  like  to  see  some  tests  made  with  it.  I  propose 
a  vote  of  thanks  to  Mr.  Deans. 

The  Chairman  :  I  second  the  motion.  I  remember  when 
the  Fleuss  apparatus  came  out,  that  a  series  of  experiments 
were  made  in  the  North  of  England,  in  which  the  late  Mr. 
Pickard  took  a  great  interest,  and  I  saw  him  use  it.  I  think 
that  if  some  means  could  be  devised  for  rescue  work,  and 
could  be  tried  without  danger,  the  colliery  interest  would 
welcome  it,  and  indeed  anything  whatever  that  would 
possibly  tend  to  the  saving  of  life  and  limb.  Colliery 
proprietors  would  be  very  careful  about  having  the  apparatus 
down  the  pit,  unless  they  were  sure  there  was  no  danger  in 
the  use  of  it ;  and  if  it  could  be  tried  under  similar  condi- 
tions as  obtain  in  the  pit,  I  have  no  doubt  it  would  be  of 
benefit.  Every  colliery  proprietor  would  welcome  anything 
which  tended  to  alleviate  suffering,  and  save  life.  I  have 
no  doubt  it  will  gratify  Mr.  Deans  to  know  that  the  feeling 
of  the  Society  is  in  favour  of  any  apparatus  that  will  carry 
out  what  this  professes  to  do,  and  the  colliery  owners  and 
members  will  be  glad  to  witness  any  experiment  which  will 
convince  them  of  its  usefulness. 

The  motion  was  passed,  Mr.  Deans,  in  replying,  thanked 
the  members  for  the  kind  way  in  which  they  had  given  him 
a  hearing,  and  also  for  their  friendly  criticism.  He 
mentioned  that  to  one  Austrian  mine  alone  275  apparatuses 
had  been  supplied. 


Mr.    W.    J.    Orsman    gave    the  following    address  on 
Permitted  Explosives. 
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OX  PERMITTED  EXPLOSIVES. 
By  Mr.  W.  J.  Orsman,  F.I.C. 


On  looking  back  at  the  explosions  which  have  taken  place 
in  the  Liverpool  district,  I  find  in  a  number  of  years 
prior  to  1886  there  were  no  fewer  than  15  very  serious 
explosions  of  gas  from  gunpowder,  with  a  loss  of  146  lives, 
but  from  1888  to  1897  the  total  number  of  explosions  caused 
by  an  explosive  being  fired  in  a  coal  mine  in  the  Liverpool 
district  only  amounted  to  two,  which  resulted  in  six  deaths, 
so  that  from  1888  the  West  Lancashire  district  had  had 
a  very  remarkable  immunity  from  accidents.  About  1888, 
safety  explosives  were  first  introduced  into  this  district,  and 
if  we  look  at  the  accidents  which  have  taken  place  in  the 
past  ten  years,  not  a  single  life  has  been  lost  from  the 
ignition  of  gas  oi  dust  in  a  pit  that  can  be  traced  to  a 
.  nitrate  of  ammonia  explosive,  which  is  really  a  remarkable 
record. 

On  January  Ist,  1898,  the  Permitted  Explosives  Order 
came  into  force,  and  the  Government  has  sanctioned 
the  use  of  certain  powders — ^Argus  Powder,  Earthquake 
Powder,  Elephant  Brand  Powder,  and  Oxalate  Blasting 
Powder.  These  powders,  it  appears,  have  passed  the  per- 
mitted tests  at  Woolwich,  and  are  sanctioned  for  use  m 
certain  circumstances.  The  question  arises — How  are 
these  different  from  the  old  form  of  powders  ?  In  the 
present  form  the  ingredients  are  more  carefully  mixed, 
and  a  large  proportion  of  sulphur  is  left  out.  In  one  they 
mix  with  the  powder  a  certain  substance  called  oxalate 
of  ammonia,  which  acts  as  a  form  of  tamping.  How 
those  powders  have  passed  Woolwich  I  have  not  the 
faintest  conception,  because  experiments  made   in   certain 
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places  show  that  they  are  nearly  as  dangerous  as  ordinary 
forms  of  gunpowder.  Under  ordinary  circumstances 
such  as  occur  in  the  pit  I  cannot  see  any  reason  why 
those  particular  powders  can  be  relied  on  as  promoting 
safety.  The  addition  of  foreign  salts  to  the  gunpowder  is 
made  either  by  mixing  direct  with  the  ingredients  of  the 
powder,  or  as  a  tamping  at  the  end  of  the  cartridge.  My 
argument  is  that  any  cartridge  that  had  to  have  a 
subsidiary  appliance  attached  to  it  is  a  bad  one  for  the  pit, 
for  supposing  the  tamping  was  removed  altogether,  the 
powder  would  act  like  ordinary  blasting  powder,  and  might 
produce  an  explosion.  Then  again,  coal  dust  is  very 
sensitive  to  all  forms  of  gunpowder,  and  if  one  of  those 
cartridges  got  ignited  in  the  pit,  and  there  happened  to  be 
any  coal  dust  around,  immediately  the  whole  of  that  coal 
dust  would  bum,  and  initiate  a  very  disastrous  accident.  It 
is  not  necessary  to  have  gas  in  the  pit  to  cause  explosions  ; 
all  that  is  wanted  is  to  have  a  layer  of  dust,  and  incautious 
shot-firing.  I  think  in  the  near  future  those  permitted 
gunpowders  will  be  excluded  altogether,  or  very  stringent 
rules  laid  down  for  their  use.  I  think  it  necessary  to 
place  in  the  hands  of  the  collier  an  explosive  which  will  be 
perfectly  safe  when  subjected  to  rough  treatment-an  explosive 
which  should  be  incapable  of  being  ignited  by  friction, 
accidental  hitting  with  the  pick,  or  a  blow  of  a  hammer. 

With  regard  to  the  question  of  firing  the  cartridges, 
I  find  that  the  practice  is,  when  two  cartridges  are 
fired  together,  to  put  the  detonator  at  the  end  nearest  the 
back  of  the  hole,  or  when  three  cartridges  are  used,  to 
put  the  detonator  in  the  middle  cartridge.  That  method 
is  absolutely  wrong,  and  has  nothing  to  recommend  it, 
and  might  be  a  source  of  danger.  The  detonator 
should  always  be  placed  at  the  extreme  end,  and  at  the 
end    nearest    the     bore-hole.      .This    latter    position     is 
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necessary  for  the  following  reasons.  If  a  cartridge,  or  part 
of  a  cartridge,  fail  to  explode,  the  impact  of  explosion  at  the 
front  will  simply  crush  the  unexploded  part  into  a  solid 
block  at  the  back  of  the  hole,  where  it  can  easily  be  found 
and  recoTcred.  If,  however,  the  detonator  is  at  the  back  of 
the  hole,  any  unexploded  portion  will  be  sent  flying  in  all 
directions  with  the  coal,  and  so  will  easily  escape  detection. 
Further,  if  the  coal  is  not  brought  down,  and  a  blown-out 
shot  produced,  then  any  unexploded  portions  will  be  pro- 
jected oyer  the  surface  of  the  coal  at  the  sides  of  the  bore-hole 
with  an  enormous  velocity,  and  the  friction  set  up  may  cause 
the  explosive  to  ignite,  and  so  set  the  coal  on  fire.  With 
the  detonator  nearest  the  mouth  of  the  bore-hole,  such  a 
circumstance  is  impossible.  Investigation  of  a  large  number 
of  cases  where  difficulties  have  arisen  has  shown  that  such 
have  been  almost  invariably  due  to  wrong  methods  in 
charging  the  shot-hole. 


Mr.  Saint  said  he  had  much  pleasure  in  proposing  a  vote 
of  thanks  to  Mr.  Orsman  for  his  interesting  observations  on 
Permitted  Explosives,  and  especially  for  his  practical 
information  with  regard  to  shot-firing  generally.  Probably 
Mr.  Orsman  was  aware  why  the  men  placed  the  detonator  in 
the  cartridge  at  the  back  of  the  hole,  the  wires  being  carried 
along  the  side.  His  impression  was  that  the  shot-firer  put  the 
detonator  there  in  order  that  it  might  not  be  separated  from 
the  charge  during  stemming,  and  that  while  tamping  he 
might  have  less  risk  in  exploding  the  detonator  by  percussion. 
He  thought  that  was  the  idea  that  prevailed  amongst  the 
miners.  With  regard  to  the  experiments  at  Woolwich,  the 
test  of  firing  with  a  cannon  did  not  appear  to  be  on  a  parity 
with  practical  operations  in  the  mine,  because  at  the  back  of 
a  shot-hole  they  sometimes  had  a  fissure  from  which  a  feeder 
of  gas  escaped,  and  it  was  easy  to  imagine  that  in  blasting 
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under  such  conditions,  there  would  be  great  risk  of  firing 
such  feeders. 

Mr.  Burrows,  in  seconding  the  motion,  said,  from  1869 
all  the  explosions  in  Lancashire  were  in  the  Wigan  Nine 
Feet  Mine,  whereas  before  that  they  were  in  the  Arley  Mine. 
There  was  a  certain  run  of  those  explosions,  they  began  at 
Haydock  and  went  through  to  Tyldesley,  in  the  same  seam 
though  with  dififerent  local  names.  He  wondered  whether 
there  was  any  different  gas  given  ofiE  in  that  mine,  or 
whether  there  was  something  particular  in  the  nature  of  the 
diist,  because  it  was  a  most  singular  fact  that  there  should 
be  explosions  in  the  same  mine  for  several  years,  occasionally 
twice  in  one  year. 

Mr.  Orsmax  :  I  believe  I  am  right  in  saying  that  in  the 
Nine  Feet  Mine  they  hole  at  the  top  and  put  the  cartridge  at 
the  bottom,  and  there  have  been  more  accidents  in  the  Nine 
Feet  Mine  than  in  all  the  other  mines  of  Lancashire  put 
together,  for  the  simple  reason  that  the  shot  has  blown 
into  layers  of  dust.  They  have  not  been  actual  gas 
explosions,  but  ignitions  of  dust  on  the  floor. 

Mr.  Burrows  :  I  am  very  glad  I  asked  the  question. 
Now  it  is  pointed  out,  it  stands  to  reason  that  if  there  is  a 
blown  out  shot  near  the  floor,  there  is  the  dust  at  hand  to 
cause  an  explosion. 

The  Chairman  :  I  remember  very  well  that  the  Wigan 
Nine-feet  used  to  be  the  most  dreaded  mine,  but  I  think  that 
then  coal  dust  was  not  recognised  as  a  factor  in  explosions,  and 
it  is  possible  that  Mr.  Orsman's  theory  may  be  a  very  good  one. 

Mr.  Maitiiews:  It  would  be  a  good  plan  for  every 
colliery  manager  to  try  for  himself  certain  experiments, 
before  he  decided  to  use  the  so-called  safety  powders. 

The  motion  was  passed,  and  Mr.  Orsman  briefly  responded. 

Thia  concluded  the  business  of  the  Meeting. 


TRANSACTIONS 


MANCHESTER    GEOLOGICAL    SOCIETY. 


Pabt  IX.  Vol.  XXVI.  Session  1898-99. 


The  Ordinary  Meeting  of  the  Members  was  held  on 
Tuesday,  June  13th,  1899,  at  the  Society's  Rooms, 
Queen's  Chambers,  6,  John  Dalton  Street,  Manchester. 

Mr.    Mark   Stirrup,   F.G.S.,  in  the  Chair. 


THE  LATE  M.   CHARLES  BRONGNIART. 


The  Chairman  said :  Before  I  call  upon  Mr.  Lomax  for  his 
paper,  I  wish  to  call  the  attention  of  the  members  to  the  death, 
which  took  place  recently,  of  one  of  our  Honorary  Members, 
M.  Charles  Brongniart,  whose  work  on  Fossil  Insects  I  have 
from  time  to  time  brought  before  this  Society.  He  was  a 
young  man  of  brilliant  intellect,  and  bore  a  name  which  was 
honoured  in  the  ranks  of  science,  not  in  his  own  country 
only,  but  throughout  the  world.  He  belonged  to  a  family 
which  has  been  distinguished  in  various  scientific  walks  for 
several  generations.  His  great  grandfather,  Alexandre 
Brongniart,  was  associated  with  Cuvier  in  the  preparation 
of  his  treatise  on  the  Geology  of  the  Environs  of  Paris, 
and  his  grandfather  was  the  celebrated  Adolphe  Brongniart, 
who  was  really  the  first  to  investigate,  and  give  to 
the    world,    a    scientific    classification    of    fossil    plants. 
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Cliarles  Brongniart  tor  many  years  applied  himself 
especially  to  entomology.  In  the  Goal  Measures  of 
Central  France,  at  Commentry,  fossil  insects  occurred  in 
singular  profusion  and  variety,  and  to  these  he  devoted,  I 
may  say,  his  life's  work.  His  labours  resulted  in  the 
publication  of  two  richly  illustrated  volumes,  copies  of  which 
he  presented  to  this  Society.  In  the  last  letter  I  had  from 
him,  which  was  after  the  publication  of  this  work,  he 
complained  of  the  injury  done  to  his  eyes  by  the  strain 
arising  from  close  application  to  the  microscopical  part  of 
this  work,  and  I  fear  he  is  to  be  regarded  as  another  martyr 
to  the  cause  of  science,  for  the  application  requisite  to  arrive 
at  the  wonderful  results  of  delineation  of  minute  structures 
which  he  attained,  must  have  been  severe.  I  presume 
it  will  probably  be  the  wish  of  the  members  of  this  Society 
that  a  letter  of  condolence  should  be  sent  to  his  widow,  with 
a  statement  of  our  sense  of  the  loss  sustained,  not  only  by 
this  Society  (to  which  he  has  contributed  several  papers),  but 
the  whole  scientific  world,  by  his  death.  I  move  that  such  a 
letter  be  sent. 

Mr.  Dickinson  seconded  the  motion,  which  was  unanim- 
ously approved. 


The  Chairman  also  annoimced  that  the  third  volume  of 
Hutton's  "  Theory  of  the  Earth  "  just  published  imder  the 
able  editorship  of  Sir  Archibald  Geikie,  had  been  presented 
by  Mr.  Whitaker,  the.  President  of  the  Geological  Society 
of  London,  an  Honorary  Member  of  this  Society,  who  had, 
at  various  times,  made  many  valuable  gifts  to  the  Library. 
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FINE  SLICKENSIDES  IN  CANKEL. 


Mr.  Henry  Hall  exhibited  a  specimen  of  Cannel  from 
the  Wigan  Four-feet  at  Abram  (there  about  6  ft.  6  in,  thick), 
presenting  a  highly  polished  surface.  The  cannel  showed 
these  bright  plane  surfaces,  equal,  or  superior  to  any  artificial 
poUsbing,  wherever  there  were  vertical  breaks.  These 
breaks  or  slips  extended  from  the  top  of  the  seam  to  the 
bottom,  and  botb  sides  were  polished.  In  one  instance  he 
saw  a  fine  example  six  feet  square. 


POSSIBLE  CASE  OF  INVERSION  OF  A 
FOSSIL   TREE. 


Mr.  Henry  Hall  also  brought  before  the  notice  of  the 
meeting  a  case  of  what  he  supposed  to  be  a  fossil  tree  upside 
down.  He  said :  This  tree  is  resting  on  the  top  of  the  Haigh 
Yard  Mine  in  one  of  Messrs.  Pearson  &  Enowles'  Collieries. 
It  is  about  2  ft.  10  in.  in  length,  about  that  diameter  at  the 
upper  extremity,  and  only  about  15  in.  at  the  lower  end. 
It  is  covered  by  about  one-third  of  an  inch  of  pure  coal  all 
round. 

The  gentleman  who  sends  me  the  information,  Mr.  G. 
H.  Howarth,  says  in  his  letter ;  "  I  inform  you  of  this, 
because  it  is  the  first  in  my  experience  which  has  been 
met  with  upside  down,  and  if  my  statement  of  its  present 
position  is  correct,  it  is  a  powerful  argiunent  against  the 
in  situ  theory."  I  have  looked  at  the  tree  myself,  and  I 
think  this  description  of  it  is  perfectly  correct.  The  roots 
do  not  appear  to  be  noticeable. 
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Mr.  G.  Wild  :  I  should  be  inclined  to  doubt  its  being 
upside  down,  unless  the  roots  were  clearly  to  be  seen.  It  is 
possible  the  bottom  end  of  the  trunk  may  have  decayed 
rather  more  rapidly  than  the  upper  portion,  and  have  been 
squeezed  in,  previous  to  the  filling  in  of  the  upper  portion. 
It  is  no  proof  of  its  being  upside  down  because  the  lower 
part  of  the  tree  is  of  less  diameter  than  the  upper. 

The  Chairman,  referring  to  a  sketch  accompanying  Mr. 
Howarth's  letter,  said  he  could  discover  no  appearance  of 
roots.  If  gentlemen  desired  to  visit  this  colliery  they  should 
go  at  once,  because  in  a  case  of  this  kind  alterations  in  the 
workings  might  take  place  rapidly. 

Prof.  F.  E.  Weiss  said :  It  requires  to  be  proved,  first 
that  it  is  a  stem ;  and  secondly,  that  it  is  inverted.  If  the 
scars  are  preserved  we  could  tell  whether  it  is  inverted ;  but 
if  they  are  not,  it  may,  with  equal  probability,  be  a  root, 
and  as  such  would  only  be  tapering  in  the  natural  direction. 
It  seems  to  me  that  in  the  absence  of  sufficient  evidence  the 
matter  must  be  left  in  suspense. 


Mr.  James  Lomax  then  read  a  paper  on  "  Kecent  Investi- 
gations on  Plants  of  the  Coal  Measures." 
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RECENT  INVESTIGATIONS  ON  PLANTS  OF  THE 
COAL   MEASURES. 

By  Mr.  James  Lomax. 


Illustrated  by  Specimens,  Sections  and  Photograplis. 

It  is  my  intention  in  this  paper  to  describe  to  you  a  few 
plants  of  the  Coal  Measures  with  which  I  have  had  a  great 
deal  to  do,  having  made  hundreds  of  sections.  When  I 
commenced  palae-botanical  work  some  twelve  years  ago,  the 
descriptions  of  these  were  in  a  very  disorganized  state,  some 
three  or  four  parts  of  the  same  plant  having  different 
generic  names,  but  happily  during  the  last  few  years  we 
have  been  able  to  clear  a  good  deal  of  this  away. 

liYGINODEXDRON. 

The  two  genera  Lyginadendron  and  Reterangium  are  among 
the  most  interesting,  and  at  the  same  time  the  most  puzzling 
representatives  of  the  Carboniferous  flora,  yet  the  structure 
of  all  their  vegetative  parts  is  preserved  with  such  complete- 
ness and  perfection,  as  to  enable  us  to  show  that  these  fossils 
present  a  combination  of  characters  such  as  exists  in  no 
group  of  plants  now  living;  unfortunately  we  have  not 
been  able,  so  far,  to  find  their  reproductive  organs,  and  can 
only  weigh  with  great  care  such  evidence  as  is  afforded  by 
their  vegetative  structure. 

This  evidence  clearly  shows,  so  far  as  it  goes,  a  position 
intermediate  between  ferns  and  cycads. 

On  February  20th,  1866,  the  late  Mr.  Binney  gave  to  the 
Literary  and  Philosophical  Society  of  Manchester  a  brief 
description  of  a  new  plant  from  the  Lower  Carboniferous 
beds  of  the  neighbourhood  of  Oldham.  The  following 
extracts  briefly  describe  the  nature  of  the  plant : — 

"  It  evidently  belonged  to  the  genus  Pinites  of  Witham, 
since  changed  by  Endlicher  and  Brongniart  into  DadoxylonJ^ 
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It  ''had  a  medullary  axis  composed  of  irregular  polygonal 
cells  separated  by  intervening  spaces  vertically,  and  thus 
forming  a  kind  of  discoid  pith."  "This  is  separated  by 
lunette-shaped  bundles  of  hexagonal  tubes  arranged  in  a 
convex  form  from  the  pith  inwards,  and  lessening  in  size 
as  they  pass  outwards  into  wedge-shaped  masses  of  four- 
sided  sub-hexagonal  cellules,  arranged  into  radiating  series, 
and  divided  by  large  medullary  rays  or  bundles,  which 
appear  to  originate  in  the  lunette-shaped  masses.  On 
the  outside  of  this  internal  radiating  cylinder  are  other 
lunette-shaped  bundles  similar  to  those  in  the  inside." 
"Then  comes  a  narrow  zone  of  lax  tissue,  which  has  been  a 
good  deal  disarranged.  Outside  this  are  some  thin  wedge- 
shaped  bundles  of  cellules,  full  of  dark  carbonaceous  matter, 
and  arranged  in  radiating  series  of  varying  sizes,  separated 
by  lax  tissue,  probably  representing  the  bark  of  a  tree." 

To  the  plant  thus  described  Mr.  Binney  gave  the  name  of 
Dadoxyhn  Oldhamium.  It  stood  thus  till  the  year  1869, 
when  the  late  Prof.  Williamson  in  a  brief  Memoir  published 
in  the  Monthly  Microscopical  Journal,  pointed  out  that  since 
the  appearance  of  the  Memoir  on  Dadoxylon,  that  numerous 
specimens  of  woody  stems  had  been  found,  transverse 
sections  of  which  exhibited  a  structure  identical  with  that  of 
living  conifers ;  but  longitudinal  sections  showed  that  the 
vessels  or  fibres  were  altogether  different  from  the  coniferous 
type.  Instead  of  bearing  rows  of  discs,  and  those  only  on 
the  surfaces  of  the  vessels  parallel  with  the  medullary  rays, 
their  entire  wall  was  covered  with  reticulations  formed  by 
the  deposition  of  lignine  in  the  interior  of  the  vessels. 
Then,  after  describing  some  figures,  he  went  on  to  say,  that 
"whether  these  prove  to  be  different  species  of  one  genus,  or 
whether  they  will  require  more  than  one  genus  for  their 
reception,  remains  to  be  seen.  But  certainly  none  of  them 
can  be  regarded  as  Dadoxylona,  since  they  belong  to  an 
altogether  different  type  of  structure." 
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"  It  appears  necessary,  therefore,  to  establish  a  new  genus 
for  all  plants  whose  woody  cylinders  consist  of  reticulated 
yessels  and  fibres,  and  the  name  Dictyaxplon  appears  an 
appropriate  one. for  it,  and  I  should  propose  for  the  present 
to  include  in  this  genus  all  the  reticulated  types,  whether 
their  medulla  consist  of  one  or  of  seyeral  vertical  series  of 
cells.  At  some  future  time  their  further  separation  into  two 
or  more  genera  may  be  requisite/' 

At  the  Edinburgh  Meeting  of  the  British  Association  in 
1871,  Professor  Williamson  described  yet  more  definitely  his 
genus  Dwtyoxyhn,  especially  as  represented  by  three  plants, 
viz.,  Mr.  Binney's  Dadoxylon  Oldhamium^  a  new  species  from 
Burntisland  to  which  he  give  the  name  of  Dictyoxylon 
Ghieviif  and  a  third  from  the  Lancashire  Coal  Measures,  to 
which  he  gave  the  name  of  Dictyoxylon  radieana.  But 
further  investigations  into  the  nature  of  the  latter  plant  led 
him  to  separate  it  from  Dictyoxylon,  and  give  it  the  generic 
name  of  Amyehn.  I  may  add  here  that  this  so  far  has  not 
been  changed,  although  it  is  supposed  to  be  the  roots  of 
Sphenophyllum,  though  there  is  as  yet  no  actual  proof.  At 
this  time  Professor  Williamson,  you  will  observe,  did  not 
think  that  any  plants  possessed  reticulated  fibres  beside  his 
genus  Dii'tyoxyhn,  hence  his  mistake  in  the  generic  name. 

We  now  come  to  the  end  of  1872,  when  Professor 
Williamson  gave  his  fourth  Memoir  to  the  Royal  Society*  on 
Dictyoxylon^  Lyginodendron  and  Heterangium.  It  seems  in 
the  meantime  that  three  or  four  Oldham  men  had  been 
collecting  specimens  which  they  put  into  the  hands  of 
Professor  Williamson,  by  which  he  was  able  to  do  more  than 
he  had  previously  been,  to  identify  the  dififerent  vegetative 
structures ;  also  he  had  become  acquainted  with  the  figure  of 
a  sandstone  fossil  described  by  Mr.  Gourlie,  exactly  like  the 
outside  of  the  Dictyoxylon  Oldhamium,  and  with  a  figure  in 

•Phil.  Tnos.  Boy.  Soo.,  1873,  p.  877 
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Corda'8"Flora  der  Vorwelt"  of  aplantfromtheBohemiaD  Coal 
Measures,  to  which  Corda  gave  the  name  of  Heterangium 
paradoxum.  Mr.  Gourlie  had  given  his  fossil  the  name  of 
Lyginodendron  Landaburghiiy  after  the  Rev.  D.  Landsborough, 
the  finder  of  the  fossil.  Williamson  at  this  stage  says  there 
m  no  room  for  doubting  that  the  Lyginodendron  of  Gourlie 
is  a  sandstone  impression  of  the  bark  of  Dictyoxylon 
Oldhamium,  consequently  as  Mr.  Gt)urlie's  specimen  is  the 
older  he  must  change  the  mame  of  Dictyoxylon  OUAamium 
to  that  of  Lyginodendron  Oldhamium. 

Also  the  same  with  Dictyoxylon  Orievii,  He  must  call  it 
Heterangium  Orievii,  as  Corda's  figure  was  the  oldest.* 

By  acting  thus  he  not  only  created  no  new  genus,  but 
by  the  extinction  of  his  new  term  Dictyoxylon  actually 
reduced  the  existing  number. 

In  the  conclusion  of  his  memoir,  he  notices  specimens  of  what 
he  then  named  Edroxylon,  but  which  he  changed  afterwards 
to  that  of  Rachiopteris  aspera. 

At  this  stage  it  was  left  till  the  year  1890,  when  Prof. 
Williamson  published,  his  Memoir  No.  17,  (in  the  Phil. 
Trans.  Boy.  Soc.)  on  Rachiopteris  aspera  and  Lyginodendron, 
but  in  the  meantime  he  and  others  had  collected  a  great 
quantity  of  material  together.  I  had  the  honour  of  supply- 
ing him  with  sections  and  specimens,  clearly  proving  the 
connection  of  Rachiopteris  aspiera  with  Lyginodendron,  and 
also  of  leaves  attached  to  the  Rachiopteris  aspera. 

He  states  that  the  above  facts  combined  make  it  clear 
that  Rachiopteris  aspera  is  merely  a  petiole  or  branch  of 
Lyginodendron  Oldhamium,  hence  the  former  name  must 
disappear  from  our  lists.  It  also  follows  that  Lyginodendron 
Oldhamium  is  a  true  fern,  most  probably  of  the  Sphenopteris 
type.  This  determination  carries  along  with  it  the  further 
one,  that  the  stems  of  some,  at  least,  of  the  ferns  of  the 

"  Phil.  TnuM.  Boy.  Soc.,  IV.,  1879, 404. 
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Carboniferoua  age,  developed  their  xylem  or  vascular  zone 
exogenously  through  the  instrumentality  of  a  meristemic 
zone  of  the  innermost  cortex,  which  practically  must  be 
regarded  as  a  cambium  layer.  But  the  history  of  this  plant 
is  not  yet  ended. 

He  also  says :  "In  various  preceding  memoirs,  but  notably 
in  Part  XVI.,  I  have  provoked  a  strong  opposition  amongst 
some  botanists  whose  studies  have  been  chiefly  limited  to 
living  forms  of  vegetation,  by  revealing  the  existence 
amongst  the  Lycopodiaceous  plants  of  the  Coal  Measures  of 
a  mode  of  development  of  a  medulla  which  differs  so  widely 
from  what  occurs  amongst  living  plants  that  the  sceptics  are 
unable  to  accept  my  account  of  it."  He  said,  with  his  late 
friend,  Prof.  Du-Bary,  that  in  scientific  investigation  nothing 
was  impossible.* 

The  history  of  our  knowledge  of  the  leaves  of 
Lyginodendron  Oldhamium  is  briefly  as  follows  : — 

In  the  Proceedings  of  the  Royal  Society,  Memoir  IV., 
(xx.  438)  1872,  Williamson  says  :  •*  I  have  pointed  out  the 
existence  in  the  Lancashire  nodules  of  abundance  of  small  stems 
or  petioles,  to  which  I  gave  the  provisional  name  of  Edroxylon. 
I  have  since  succeeded  in  connecting  these  petioles  with  the 
leaflets  of  Pecopieris.  I  think  it  far  from  impossible  that 
these  may  prove  to  belong  to  Dietyoxylon  Oldhamium;  but 
since  I  have  not  yet  succeeded  in  correlating  them  with  any 
certainty,  I  shall  add  no  more  respecting  them  at  present." 

In  Memoir  VI.,  1874,  Proc.  Royal  Society,  Prof. 
Williamson  fully  describes  the  above  specimen,  and  gives  it 
the  generic  name  of  Rachiopteris  aspera.   (See  plate  I,  phot.  4.) 

In  the  latter  end  of  1889  I  found  two  or  three  specimens 
amongst  the  material  from  Dulesgate,  which  clearly  proved 
that  Baehiopteris  aspera  was  the  petiole  of  Lyginodendron 
Oldhamium,  and  which  Prof.  Williamson  made  use  of  in 
Memoir  XVII.,  1890.     (See  phot.  10,  plate  II.) 

•  PhU.  Ttaiis.  Boy.  Soc.,  XVII.,  1890, 91. 
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At  a  later  period  I  found  additional  specimens  in  a  much 
better  state  of  preservation,  also  from  Dolesgate,  and  which 
are  figured  in  the  PhiL  Trans.  Boj.  Soc.,  Williamson  &  Scott, 
Part  III.,  1896,  Photographs  3,  8a,  and  Figure  10,  Plates 
18,  19,  and  23.  Phot  10  on  plate  II.  is  from  the  same  series 
of  sections  as  those  here  named. 

In  all  the  sections  figured  the  petioles  are  in  continuity 
with  the  stem,  and,  at  the  same  time,  they  present  the 
characteristic  structure  of  Rachiopteris  aspera. 

Other  sections  show  the  same  petiole  after  it  has  become 
free.  Figure  11  thus  shows  the  upper  part  of  the  same 
petiole  in  longitudinal  section  at  a  point  where  it  is 
beginning  to  branch. 

All  the  above  mentioned  sections  show  also  the  cortical 
emergences  or  leaves,  thus  affording  direct  proof  that 
Rachiopterk  aapera^  the  only  Rachiopten's  that  possesses 
these  outgrowths,  was  the  petiole  of  Lyginodendron. 

The  stems  of  Lyginodendron  are  almost  invariably  found 
to  be  surrrounded  by  a  multitude  of  fragments  of  foliage, 
among  which  petioles  of  all  sizes,  often  in  the  act  of  branch- 
ing, are  to  be  recognized,  as  well  as  portions  of  leaflets. 

I  have  had  sections  of  Lyginodendron  with  Rachiopteris 
aspera,  and  attached  to  the  Rachiopterta  were  to  be  seen  most 
clearly  the  finer  petioles  with  the  leaflets  in  a  perfect  state  of 
preservation,  which  prove,  at  all  events  to  me,  that  the 
foliage  is  that  of  Sphenopteris  Hcminghausi  (Brong.) 

The  mere  fact  that  the  foliage  of  Lyginodendron  resembled 
that  of  ferns  is  not  in  itself  a  proof  of  their  affinity  with  them. 

But  we  must  also  remember  that  we  have  in  Lyginodendron 
not  only  fern-like  form  and  venation  in  the  foliage,  but  also 
fern-like  structure  in  the  petiole. 

Two  series  of  sections  that  clearly  prove  the  above  are  in 
the  possession  of  Dr.  D.  H.  Scott  and  Count  Solms-Laubach, 
from  material  which  was  foimd  in  the  beginning  of  1898. 
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In  the  Philosophical  Transactions  of  the  Royal  Society, 
1876,  Memoir  VII.,  Prof.  Williamson  describes  what  he  calls 
one  of  the  most  remarkable,  as  well  as  the  most  beautiful, 
of  all  the  fossil  plants  that  he  has  met  with  in  the  Lancashire 
deposits.  He  states  in  his  Memoir  '*  that  the  plant  is  a 
Cryptogam,  there  can,  I  think,  be  no  doubt.  All  its  vessels 
are  the  mere  modifications  of  the  spiral  and  the  barred 
tissues  which  constitute  so  universal  a  feature  in  the  stems 
of  the  other  Carboniferous  Cryptogams.  It  possesses  this 
feature  in  common  with  the  Calamites,  Lepidodendron, 
Astropht/liites,  and  other  Carboniferous  Cryptogams  which 
I  have  already  described." 

He  also  says  that  in  one  respect  ''the  plant  under 
consideration  is  one  of  the  most  remarkable  of  any  plant 
that  I  have  yet  seen,  as  the  largest  stem  that  I  have  found 
does  not  exceed  one  eighth  of  an  inch  in  diameter,  yet  its 
exogenous  development  is  complete,  and  since  the  plant  now 
described  is  remarkably  distinct  from  any  other  hitherto 
noticed,  I  propose  to  assign  to  it  the  generic  title  of 
KaloxyloUy  and  to  indentify  it  with  the  name  of  our 
distinguished  President  as  KaloxyUm  Hookeri"  (See 
phot.  5  and  6,  plate  I.,  and  9  and  11,  plate  II.)  I  found, 
among  the  sections  that  I  prepared  from  the  Dulesgate 
material  for  Prof.  Williamson,  in  1889  and  1890,  there  were 
scattered  amongst  the  tissues  of  the  Lyginodendron 
numerous  small  steins,  transverse  and  otherwise,  of  Kaloxylon 
Hookeri  clearly  in  connection  with  the  stem  ;  and  even  in 
Memoir  IV.,  1872,  Professor  Williamson  figures  appendages 
emerging  from  the  stem  of  what  he  at  that  time  called 
Di^^tyoxyUm  Oldhamiunij  but  now  Lyginoderidron 
Oldhamium.  The  appendages  in  question  are  shown  passing 
through  and  out,  more  or  less  horizontally  from  the  wood  and 
traversing  the  cortex.  He  at  that  time  regarded  them  as 
branches.     But  since  1890, 1  have  had  a  great  number  of 
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actions  showing  these  organs  in  connection  with  the  stem, 
and  in  a  very  fine  state  of  preservation. 

In  theProc.  Roy.  Soc.,  1896,  Memoir  III.,  of  Williamson  and 
Scott,  some  of  these  are  figured,  and  this  is  what  they  state  : — 

First,  that  the  appendages  in  question  were  of  exogenous 
origiu,  and  presented  in  all  respects  the  characteristic 
structure  of  roots. 

Second,  that  these  roots  are  identical  with  the  fossil 
pre\iou8ly  known  as  Kaloxylon  Hookeru  Then  they  go  on 
to  prove  that  morphologically  the  appendages  are  roots. 

"Adventitious  roots,  with  the  rarest  exceptions,  are  of 
endogenous  origin ;  they  arise  from  deep-seated  tissues 
(pericycle  or  endodermis),  and  have  to  grow  out  through  the 
cortex  of  the  parent  stem,  and  hence  they  are  readily 
distinguished  from  stem-branches  which  are  almost  of 
exogenous  origin,  arising  from  superficial  tissues.  A  section 
of  the  cortex  of  the  parent  stem,  passing  through  the  base 
of  an  adventitious  root,  will  show  the  latter  as  a  complete 
organ,  possibly  a  cortex,  and  an  epidermis  of  its  own;  a 
corresponding  section  at  the  base  of  a  branch  would  show 
only  the  vascular  tissues  which  connect  the  bimdles  of  the 
branch  with  those  of  the  stem."     {Page  733,) 

The  largest  stems  of  Lyginodendron  Oldhamiutn  that  I 
have  seen  do  not  exceed  more  than  2^  inches  in  diameter, 
though  Prof.  Williamson  had  a  decorticated  specimen  which 
he  called  the  Neild  specimen,  now  in  the  possession  of  the 
British  Museum,  and  which  Mr.  A.  C.  Seward  described  in 
the  Annals  of  Botany  for  March,  1897,  under  the  name  of 
Lyginodendron  robuaium. 

Prof.  Williamson  describes  it  as  follows  in  Memoir  IV., 
Proc.  Roy.  Soc.,  1872,  "I  have  obtained  from  Mr.  Neild  one 
magnificent  axis,  in  which  the  woody  cylinder  and  its 
contained  medulla  has  been  at  least  18in.  in  circumference ; 
the  thickness  of  the  wall  of  the  vascidar  cylinder  has  been 
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at  least  2^in.,  and  since  the  specimen  is  weathered  and 
waterwom  it  may  have  been  of  even  larger  dimensions." 
In  a  foot-note  the  specimen  is  said  to  have  been  found  in  a 
watercourse  intersectinar  the  Lower  Coal  Measures  at  a 
locality  known  as  Har  Culvert,  near  Oldham. 

Unfortunately  the  only  structure  preserved  is  that  of  the 
secondary  wood ;  its  general  anatomy  is  identical  with  that 
of  certain  specimens  of  Lyginodendron,  but  not  conclusive, 
and  I  should  say  that  till  some  other  fossil  has  been  found 
which  agrees  better  with  this  doubtful  stem  we  might 
assume  that  it  either  belonged  to  a  Lyginodendron,  or  to 
some  plant  of  the  same  type  of  structure.  Thus  Mr,  Neild's 
specimen  affords  a  certain  amount  of  evidence  that 
LyginodeTidron  Oldhamium,  or  some  allied  species,  may 
have  attained  the  dimensions  of  a  small  tree. 

As  regards  the  habit  of  the  ordinary  specimens  with 
which  we  are  familiar,  the  radial  symmetry  of  the  stem,  and 
the  fact  that  adventitious  roots,  when  present,  are  given  o£E 
on  all  sides,  render  it  probable  that  the  plant  grew  in  an 
upright  position. 

The  longest  piece  of  stem  that  I  have  had  was  10  inches 
long,  and  in  that  length  it  had  given  off  three  petioles 
(Rachiopteris  aspera.) 

Williamson  and  Scott,  in  conclusion,  (Mem.  III.  Phil. 
Trans.  Roy.  Soc.,  1896,  p.  743,)  on  the  habits  and  dimensions 
ol  Lygiiiiodend/rony  say  "from  the  course  of  the  vascidar 
bundles  we  know  that  the  total  length  of  the  stem  must 
have  included  many  intemodes,  for,  if  our  interpretation 
of  the  facts  be  correct  it  follows  that  each  transverse 
section  of  the  stem  usually  shows  the  traces  of  the  next 
ten  leaves  above.  We  must  therefore  picture  Lyginodendron 
to  ourselves  as  having  a  tall  upright  stem  rising  to  the 
height  of  several  feet  and  bearing  somewhat  remote, 
spirally  arranged,  highly  compound  fern-like  leaves. 
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"  The  base  of  the  stem,  where  the  adventitious  roots  were 
given  off  must  have  been  buried  for  some  depth  in  the  earth 
or  mud.  Probably  the  bases  of  the  stems  would  be  the  parts 
njost  often  preserved,  which  would  explain  the  frequency 
with  which  adventitious  roots  are  met  with  in  connection 
ivith  the  stem.  It  is  not  probable  that  the  roots  were  aerial; 
the  fact  that  they  branched  freely,  immediately  on  leaving 
the  stem,  militates  against  such  an  idea. 

"  The  velamen-like  outer  layer,  which  might  suggest  an 
aerial  root,  is  common  to  the  finest  rootlets,  and  these  must 
almost  certainly  have  been  subterranean.  The  well-developed 
xylem  of  the  roots  renders  it  probable  that  they  vegetated 
in  a  fairly  firm  soil." 

Whether  Williamson  and  Scott  are  right  in  the  statement, 
I  question,  as  I  have  had  many  sections  where  a  petiole  has 
been  given  off,  and  immediately  above  and  underneath  it 
have  been  rootlets ;  and  I  lean  to  the  belief  that  the  rootlets 
were  aerial  in  some  cases,  if  not  in  all. 

Then  on  the  other  hand,  the  stems,  I  think,  could  not 
have  been  underground  rhizomes  ;  they  are  well  constructed 
mechanically,  and  thus  fitted  to  maintain  an  upright 
position  while  bearing  abundant  foliage.  Also,  the  small 
specimens  which  constitute  almost  the  whole  of  our 
material  could  not  have  been  branches  borne  on  main  stems, 
for  in  that  case  they  would  not  have  borne  adventitious 
roots.  If  the  plant  attained  a  relatively  large  size,  then 
we  must  assume  that  our  material  is  made  up  of  young 
specimens. 

It  is  not  often  that  we  come  across  a  cast  of 
Lyginodendron,  but  in  the  cases  where  we  do  find  them,  the 
markings  have  been  similar  to  those  of  the  finely  meshed 
Lepidodend/ra,  and  the  probability  is  that  if  the  plant 
attained  a  very  large  size,  some  of  the  Lepidodendroid  casts 
would  represent  the  outside  of  Lyginodendron, 
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This  now  brings  us  to  the  fructification.  It  is  a  remark- 
able fact  that  we  have  never  yet  seen  any  signs  of  the  fruit, 
though  it  is  one  of  the  commonest  of  our  English  coal  fossils ; 
and  though  all  its  vegetative  organs  are  preserved  with 
astonishing  perfection,  no  certain  traces  of  reproductive 
organs  have  ever  been  discovered.  Fern  sporangia  are  often 
found  among  the  fragments  of  Lyginodendron  foliage,  but 
never  in  actual  continuity  with  it.  Two  possibilities  suggest 
themselves.  First,  Lyginodendron  may  have  been  a  true 
fern  as  to  its  fructification,  and  bore  sporangia  on  its  leaves; 
they  might  very  easily  have  become  detached.  Secondly, 
it  is  possible  that  our  material  consists  of  young  plants,  in 
which  case  the  absence  of  fructification  is  easily  accounted 
for. 

There  is  another  genus  of  plants  which  is  most  probably 
allied  to  Lyginodendron  Oldhamium,  and  that  is  the  genus 
Heterangium,  which  was  founded  by  Corda  in  1845,  on  a 
fragmentary  specimen  from  the  Bohemian  Coal  Measures. 

The  first  British  specimens  were  discovered  in  1871  among 
Mr.  Orieve's  Burntisland  fossils.  This  form  was  originally 
named  Dictyoosylon  Orievii,  but  in  1872  was  placed  in 
Gorda's  genus,  and  now  bears  the  name  of  Heterangium 
Grievii,  Will. 

In  1889,  I  discovered  in  the  Dulesgate  material  two  forms 
of  Heterangiumy  one  figured  by  Williamson  in  Memoir 
XVII.,  1890,  and  the  other  by  Williamson  &  Scott,  Part  III., 
1896.  (Proc.  Roy.  Soc.)  The  first  one  Williamson  figures 
as  Heterangium  Oriemi,  and  the  other  as  of  an  uncertain 
species.* 

But  in  1886  there  had  been  a  second  species  found 
at  Halifax,  which  Williamson  figured  in  Memoir  XIII., 
1887,  and  described  as  Heterangium  tiliceoides. 

•  Phil.  Tnus.  Boy.  Soc.,  1896.  flg.  31.  pUte  26. 
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I  think  it  unneccessaiy  to  go  into  any  detailed  description 
of  the  structure  of  this  genus,  but  just  point  out  the  affinities 
of  the  two  genera  of  Lyginodendron  and  Heterangium. 

Heterangium  has  to  a  very  great  extent  a  strong 
resemblance  to  Lyginodendron,  and  both  of  them  strongly 
resemble  ferns.  As  to  the  latter  genus  it  is  proved  beyond 
doubt  that  the  highly  compound  leaves  were  those  of  a 
Sphenopteris,  and  in  Heterangium  the  general  character  of 
the  foliage  was  evidently  similar. 

The  external  form  and  the  venation  of  the  leaf  would  by 
themselves  carry  no  decisive  weight,  though  hundreds  of 
fossil  species  have  been  referred  to  the  ferns  on  no  better 
grounds.  But  beyond  this  the  structure  of  the  leaf  is  now 
well  known  in  Lygvnodendron,  and  to  a  less  degree  in 
Heterangium,  and  proves  to  be  in  all  respects  that  of  a  fern, 
as  is  shown  most  clearly  by  the  concentric  structure  of  the 
vascular  bundles  in  the  petiole  and  rachis. 

This  holds  good  for  both  genera,  both  in  structure  and 
form,  so  the  leaves  of  Lygi/iiodendron  and  Heterangium 
are  fern  leaves;  their  one  point  of  difference  being  the 
occurrence  of  pitted  as  distinguished  from  scalariform 
tracheides  in  their  xylem. 

So  far  we  have  considered  only  the  points  in  which  our 
two  genera  approach  the  ferns.  I  have  now  to  call  attention 
to  the  remarkable  relation  which  their  structure  shows  to 
that  of  cycads. 

The  secondary  tissues  strongly  resemble  those  of  cycads ; 
the  resemblance  shows  itself  in  the  simple  structure  of  the 
secondary  wood,  the  great  number  of  the  medullary  rays, 
and  tracheides  with  bordered  pits  on  their  radial  walls. 

The  structure  of  the  phloem  also  agrees  well  with  that  of 
cycads,  and  in  the  case  of  Heterangium  fUiceoidea  the 
agreement  extends  to  the  details  of  the  sieve  plates. 
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Williamson  &  Scott,  Mem.  III.,  1896,  say:  "So 
far  as  the  secondary  tissues  are  concerned,  the  cycadian 
characters  apply  to  both  Heterangium  and  Lyginodendrony 
though  on  the  whole  more  marked  in  the  latter.  The 
primary  structure  of  •  the  stele  in  Heterangium  bears 
no  resemblance  to  that  of  a  cycad,  while  in  Lyginodendron 
the  presence  of  a  pith  and  distinct  bundles  create  a  certain 
similarity. 

"  The  most  interesting  and  remarkable  point  is  that  the 
vascular  bimdles  in  the  stems  of  LygiTiodeTidron  have 
exactly  the  same  structure  as  those  in  the  leaf  of  existing 
cycads.  This  appUes  also  to  the  leaf  traces  and  the 
bundles  which  form  the  outer  part  of  the  stele 
of  Heterangium" 

We  have  seen  by  the  above  that  Lyginodendron  verges  on 
the  borderland  between  ferns  and  cycads,  but  how  far  it 
may  go  on  the  one  side  or  the  other  cannot  be  fuUy  determined 
till  we  have  sure  proof  of  the  fructification. 

The  view  that  Williamson  and  Scott  take  (1896)  is  that  they 
are  the  derivatives  of  an  ancient  and  "generalized"  (or  rather 
non-specialized)  stock,  which  already  shows  a  marked 
divergence  in  the  cycadian  direction.  Of  the  two  genera, 
Heterangium  appears  to  be  the  more  ancient,  and  certainly 
stands  nearer  to  the  ferns ;  Lyginodendron,  while  retaining 
fern-like  structures,  has  advanced  much  further  on  cycadian 
lines. 

They  believe  that  in  Lyginodendron  and  Heterangium 
we  have  fern-like  plants  of  a  primitive  type,  which  have 
undergone  modifications  of  the  same  kind  as  those  to  which 
the  cycads  owe  their  origin. 

Medullosa. 
I  have  now  to  describe  our  latest  (with  the  exception  of 
the  Lepidodendron  referred  to  at  the  end  of  this  paper) 
discovery  in  Pakeobotany,  which  bears  out  to  a  certain  extent 

9b 
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the  above  cross  between  ferns  and  cycads.     (See  Plates  III,y 
IV.,  and  V.) 

On  January  26th  of  this  year,  Dr.  Scott,  Keeper  of  the  Jodrell 
Laboratory,  Royal  Qurdens,  Kew,  described  a  new  MeduUoaa 
(Jf.  anglica)  that  was  found  by  Mr.  G.  Wild  and  myself 
at  the  Hough  Hill  Colliery,  Stalybridge.  No.  1  specimen 
was  found  in  1892,  Nos.  2,  3,  and  4  in  1898. 

On  the  Continent  certain  fossil  plants  have  been  described 
imder  the  generic  name  of  MeduUosa,  some  of  which  have 
been  of  a  very  large  size,  up  to  20  inches  or  more  in 
diameter,  and  of  a  very  complex  structure,  containing  a 
system  of  numerous  vascular  rings  of  the  most  various 
dimensions  and  shapes,  each  ring  growing  in  thickness  by  a 
cambium  layer  of  its  own. 

At  first  sight  the  structure  bears  a  great  resemblance  to 
that  of  the  Sapindaceao,  to  which  it  was  compared  by 
Goppert  and  Stenzel.  But  more  recent  writers,  as  Zeiller 
and  Count  Solms-Laubach,  say  that  the  general  characters 
of  the  secondary  tissues,  and  the  anomalies  presented  by 
certain  of  the  older  stems,  are  strongly  suggestive  of  the 
Cycadacea),  though  the  groimd  plan  is  that  of  the  Ferns. 

The  investigations  of  Schenk,  Solms-Laubach,  and  Weber 
and  Stenzel  have  left  no  doubt  that  these  extraordinary 
stems  bore  as  their  petioles  the  fossils  known  under  the 
generic  name  of  Myeloxylon  (Brong.).  The  leaf -stalks, 
which  are  often  of  a  very  large  size,  have  essentially  the 
structure  of  Cycads,  but  Renault  has  shown  the  foliage  to 
be  that  of  Alethopteris  and  Neuropteria,  the  external 
characters  of  which  are  entirely  fem-Uke.* 

In  the  latter  part  of  the  year  1892  I  found,  when  cutting 
up  some  material  collected  by  Mr.  G.  Wild  and  myself  at 
the  Hough  HiU  Colliery,  Staleybridge,  a  large  stem  of 
what  we  at  the  time  thought  to  be  a  crushed  and  broken 

♦  Phil.  Ttans.  Roy.  Soc.,  Scott,  Mem.  III.,  1899,  page  82. 
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Heterav^um.  I  made  a  rough  section  of  it  and  sent  it  to 
the  late  Prof.  Williamson,  who  evidently  thought  the  same, 
as,  after  his  death  it  came  into  the  possession  of  Dr.  D.  H. 
Scott,  labelled  in  Prof.  Williamson's  own  handwriting, 
"Very  large  Heterangium  and  crushed  M^^lopteris/^  (&^ 
Fig.  ^,  PL  5,  Mem.  III.^  Dr.  D.  H.  SeotL,  Phil.  Trans. 
Roy.  Soc.j  1899.)  Until  1897  I  had  this  specimen  in  my 
cabinet,  but  at  the  latter  end  of  that  year  I  commenced  to 
cut  it  up,  and  sent  some  of  the  sections  to  Dr.  Scott.  He 
immediately  saw  the  importance  of  them,  so  that  I  cut  it  up 
into  a  great  number  of  sections  (considerably  over  a 
hundred),  in  various  directions,  such  as  seemed  best  to 
show  the  various  structures.  These  have  been  examined  by 
Dr.  Scott. 

He  had  practically  completed  his  investigations  on  this 
specimen,  when,  in  June,  1898,  I  discovered  two  more 
specimens  in  some  material  collected  by  Mr.  6.  Wild  some 
time  previously  from  the  same  colliery. 

A  portion  of  one  of  these  fine  specimens  is  represented  in 
its  external  aspect  in  Phot.  14,  PL  6,  and  transversely  in 
Photo.  8,  PL  4.  Since  that  time  we  have  found  two  or 
three  other  specimens  from  the  same  locality. 

The  above  specimens  are  of  very  great  interest,  not 
only  as  being  the  first  recorded  British  specimens  of  the 
genus  Medullosa,  but  also  from  their  geological  horizon, 
which  is  more  ancient  than  that  of  those  recorded  from 
the  Continent,  which  have  always  been  found  in  the  Permian 
and  the  Upper  Coal  Measures,  while  ours,  like  the  other 
coal  plant  specimens  showing  structure,  have  been  found 
in  the  Upper  Foot  or  Gannister  Mines  of  the  Lower  Coal 
Measures. 

Dr.  Scott  says  that  the  structure  of  the  specimens  repre- 
sents a  true  MeduUoea,  differing  in  certain  important 
respects,  chiefly  in  the  direction  of  greater  simplicity  of 
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structure,  from  any  species  previously  described ;  and  that 
it  is  necessary  to  distinguish  the  British  form  by  a  specific 
name.  He  therefore  names  it  Medulloaa  anglica.  {See 
Phil.  Trans.  Roy.  Soc.,  Scott,  Mem.  IIL,  1899.) 

The  following  is  from  Dr.  Scott's  description,  which  he 
has  placed  at  my  disposal,  of  the  new  plant,  in  the  Abstract 
of  the  Proceedings  of  the  Royal  Society : — 

^^MedvXlosa  anglica,  in  the  structure  of  its  stem,  shows 
unmistakable  afiinities  with  Heterangium,  perhaps  the  most 
fem-Uke  of  the  genera  grouped  imder  Cycadofilices.  The 
new  species  is  far  simpler  than  any  MedvMoaa  hitherto 
described,  for  the  steles  are  not  only  few  but  are  uniform, 
showing  no  differentiation  into  a  peripheral  and  a  central 
system.  The  small  central  steles,  called  'Star-rings'  in 
other  MedulloseaB,  are  absent  here.  In  these  and  other  points 
the  species  agrees  with  the  genus  Golpoxylon  of  Brongniart, 
but  as  that  genus  is  doubtfully  distinct  and  its  leaves  are  not 
known,  it  is  not  proposed  to  unite  the  English  species  with  it. 

"  In  the  structure  of  the  petiole  and  of  the  leaf  generally, 
Medullosa  anglica  is  as  highly  organised  as  any  of  the 
Medulloseao,  and  agrees  closely  with  M.  Leuckarti,  the  only 
other  species  in  which  the  connection  between  leaf  and  stem 
has  been  at  all  satisfactorily  proved. 

"  In  the  structure  of  the  petioles,  and  of  the  roots,  in  the 
secondary  tissues,  and  in  the  secretory  canals,  which  occur 
throughout  the  plant,  there  are  clear  points  of  agreement  with 
Cycads,  though  the  primary  structure  of  the  stem  was  that  of 
a  Fern.  The  affinities  in  the  latter  direction  come  out  more 
clearly  in  MeduUosa  cmglica  than  in  any  of  the  other  species 
at  present  known. 

"  The  habit  of  the  leaves,  if  as  appears  likely,  they  were  of 
the  Alethopteria  type,  must  have  been  fern-like,  but  that  in 
itseU,  as  the  familiar  example  of  Stomgeria  teaches,  is  as 
consistent  with  Cycadaceous  as  with  Filicinean  affinities. 
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"  While  MeduUoaa  thus  combines,  in  a  striking  manner, 
the  characters  of  Ferns  and  Cycads,  I  am  not  disposed  to  regard 
it  as  haying  lain  very  near  the  direct  line  of  descent  of  the 
latter  group.  It  is  more  probable,  as  Count  Solms-Laubach 
has  suggested,  that  the  MeduUosesD  represent  a  divergent 
branch,  which  has  left  no  descendants  among  existing 
vegetation." 

We  have  in  the  above  three  types  of  fossil  plants  a  most  in- 
teresting study,  wherein  we  get  both  the  fern-like  and  Cycadian 
structure  of  tissues  in  one  plant ;  and  in  the  case  of  Medullosa 
anglica  the  organisation  has  been  worked  out  with  more 
success  than  in  any  of  the  previous  plants,  both  as  far  as  the 
stem,  leaf -stalks,  leaves  (which  are  Alethapteris)  and  the  roots, 
without  getting  three  or  four  names  for  portions  of  one  plant. 
**  The  convenient  name,  Cycadofilices,  has  recently  been 
proposed  by  Professor  Potonii  to  designate  the  group  in 
question,  whichnow  includes  several,  somewhat  heterogeneous, 
genera,  which  include  LyginodeTtdron^  Heterangium,  and 
MediMoaa/' 

Caiamites  and  Roots  of  Calamites. 

Williamson  and  Scott  in  their  joint  Memoir  I.,  1895, 
state  that  when  they  began  writing  that  paper  they  did 
not  expect  to  be  able  to  throw  any  light  on  the  structure 
of  the  roots  of  Calamites.  Specimens  showing  the  roots 
in  connection  with  the  stem,  and  having  at  the  same  time 
the  internal  structure  preserved,  were  not  yet  known  to 
them* 

Consequently  it  was  impossible  to  determine  which,  if  any, 
of  the  petrified  remains  were  to  be  assigned,  as  roots,  to  the 
Calamitean  stems.  But  Dr.  D.  H.  Scott,  had  the  opportunity 
of  examining  certain  specimens  in  the  collection  of  M. 
Renault,  which  placed  the  question  in  quite  a  different 
light. 
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Two  of  those  showed  an  axis,  with  the  structure  of 
Aatromyelon,  in  actual  continuity  with  the  stem  of  an 
Arthropitoid  Calamite,  identical  with  such  as  they  had 
described  in  their  paper. 

M.  Renault  expressed  the  opinion  in  1885  that 
Aatromyelon  was  the  root  of  Calamitea^  and  it  was 
confirmed  by  specimens  found  after  that  date  in  French 
material.  In  September,  1897,  I  found  a  specimen  of  a 
Calamite  about  four  inches  long,  with  the  roots,  which  are 
clearly  Aatromyelon,  in  situ  at  two  difiEerent  nodes.  These 
sections  are  now  in  the  possession  of  Dr.  Scott.  Since  that 
time  I  have  foimd  three  other  examples,  one  of  which  is  in 
the  possession  of  Count  Solms-Laubach,  of  Strasburg, 
another  is  at  University  College,  London,  and  the  third  I 
have  still  in  my  possession.*  It  is  interesting  to  note 
that  Aatromyelon  was  first  figured  as  a  Calamite,  but 
subsequently  removed  on  the  ground  of  certain  structural 
differences,  which  find  a  sufficient  explanation  if  the 
organs  in  question  are  to  be  regarded  as  roots  and  not 
stems.  Some  of  the  later  examples,  especially  the  one  in  the 
possession  of  Count  Solms-Laubach,  have  smaller  rootlets 
branching  from  the  Aatromyelon^  which  have  been  figured 
by  Messrs.  Hick  and  Cash,  as  a  genus  Myriophylloidesj  but 
which  is  really  an  Aatromyelon  with  the  outer  cortex  intact. 

I  have  said  sufficient  here  to  record  the  fact  of  Aatromyelon 
being  the  root  of  Ccdamitea.  But  we  have  also  to  consider 
the  fruit  of  Calamitea,  which  has  not  been  foimd  in  actual 
continuity  except  in  the  one  specimen  foimd  by  myself  and 
Mr.  J.  Eamshaw,  of  Oldham,  figured  by  Williamson  as  the 
true  fruit  of  Ccdamitea.  It  is  assumed  by  most  paleo- 
botanists  that  Gcdamoatachya  is  the  fruit  of  one  of  the 
Ccdannitea,  but  there  is  no  conclusive  proof  of  this  being  the 
case.     I  myself  believe   that  we  have  a  great  variety  of 

*  This  has  since  been  divided  between  Prof.  Weiss  and  Mr.  R.  Eidston. 
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species  of  Calamitea,  and  that  it  is  possible  that 
Calamostachya  Binneyana  may  belong  to  one  of  them,  or 
to  some  totally  different  plant  altogether. 

I  have  yet  one  other  discovery  to  record.  In  July,  1898, 
I  was  fortunate  enough  to  come  across  a  magnificent 
specimen  of  a  Halonial-like  stem  of  a  Lepidodendron,  from 
material  collected  at  Hough  Hill,  Stalybridge,  by  my  friend, 
Mr.  G.  Wild.  It  is  the  finest  specimen  of  a  Lepidodendron 
showing  vegetative  structure  that  has  yet  been  found  in  the 
English  Coal  Measures.  It  is  no  doubt  allied  to  some  of  the 
recognized  types  of  Lepidodend/r(yii,  probably  it  is  the 
fructification  branch  of  Lepidodendron  fuliginosum  of 
Williamson.  I  have  given  it  into  the  hands  of  Prof.  Weiss, 
of  Owens  College,  to  describe,  which  no  doubt  he  will 
do  shortly.     (See  Plate  V.,  Phot.  22,  and  Plaie  VI.) 


Mr.  Saixt  :  I  have  much  pleasure  in  moving  a  vote  of 
thanks  to  Mr.  Lomax  for  his  excellent  paper.  In  the  work 
of  section-cutting  he  has  had  large  experience ;  he  did  a  good 
deal  of  it  for  the  late  Professor  Williamson ;  and  we  must 
give  him  credit  for  the  application  he  has  given  to  the  work 
for  many  years,  which  is  so  admirably  represented  by  the 
beautiful  specimens  exhibited  before  us  to-day. 

Mr.  S.  S.  Platt  :  I  have  great  pleasure  in  seconding  the 
vote  of  thanks  to  Mr.  Lomax;  I  have  a  personal  knowledge 
of  Mr.  Lomax's  work  in  this  direction,  in  fact  it  was 
through  him  I  commenced  the  study,  to  a  small  extent,  of 
palaeo-botany.  Mr.  Lomax  has  devoted  much  time  and 
patience  to  this  work,  and  the  late  Professor  Williamson  was 
largely  indebted  to  him  for  many  of  the  specimens  and 
novelties  described  in  his  memoirs. 

The  vote  of  thanks  was  passed  imanimously. 
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The  Chairman  :  We  must  all  appreciate  the  labour  and 
time  spent  on  these  investigations  by  Mr.  Lomax.  He  is 
one  of  the  band  of  geologists  or  paleeo-botanists, — ^if  we  may 
so  call  them — who  have  made  Lancashire  famous.  I  believe 
it  was  a  few  men  whose  daily  occupation  was  in  the  cotton 
mills  of  Oldham  who  started  this  local  study;  it  was  a 
common  thing  for  them  to  expose  specimens  of  these 
calcareous  nodules  that  they  had  collected,  and  to  let  them 
weather  on  the  top  of  some  wall  surrounding  a  mill  yard  ; 
these  coal  balls,  so  interesting  to  science,  were  however 
not  of  such  attractive  exterior  as  to  tempt  anyone  to  steal 
them,  or  interfere  with  them ;  and  in  time  they  would  be 
taken  away  and  cut  into  sections.  Mr.  Butterworth,  I 
believe,  was  one  of  the  first  of  this  local  band  to 
slice  them,  and  reveal  their  microscopic  structure.  As  you 
see  it  has  now  developed  into  an  important  study.  What 
was  at  first  practically  only  a  little  hobby,  taken  up  by  a  few 
Lancashire  operatives,  has  become  quite  a  science,  and  men 
of  the  highest  attainments  are  giving  their  attention  to  it. 
These  coal  balls  are  composed  simply  of  vegetable  matter 
similar  to  that  which  forms  the  ordinary  layers  of  coal. 
They  have  passed  through  some  process  of  infiltration  by 
carbonate  of  lime  which  has  more  or  less  preserved 
their  structure.  I  take  it  that  all  our  coal  must  have 
have  had  something  of  this  vegetable  structure,  though  it 
has  become  for  the  most  part  obliterated  by  chemical  and 
mechanical  change.  It  will  not  be  astonishing  then,  that  the 
tree  which  Mr.  Hall  has  just  mentioned,  may  be  considered  as 
upside  down,  or  in  any  unnatural  position,  because  we  may 
find  fragments  of  these  coal  plants  massed  together,  which 
have  been  torn  away  from  the  parent  stems,  and  consolidated 
by  the  action  of  lime  or  silica.  It  is  mostly  by  the  drifting 
of  vegetable  remains  into  basins  or  depressions,  that  the  accu- 
mulations have  thereby  become  the  coal  beds  we  are  using  up 
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to-day.  Some  of  you  may  ask  how  lime  came  to  penetrate  the 
deposits,  80  as  to  preserve  these  specimens  as  we  find  them. 
It  arose  from  the  fact  that  there  are  in  the  measures  above,  a 
number  of  fossil  shells.  The  lime  which  built  up  those  shells 
has  been  dissolved,  and  has  been  concentrated  by  chemical 
action  into  these  balls  in  the  stratum  of  coal  below,  whence 
these  specimens  come.  The  preservation  of  these  Carboniferous 
plants  showing  structure  has  taken  place  only  in  special 
localities.  Oldham  has  become  famoiis  for  them,  as  also 
Dulesgate,  near  Todmorden,  and  the  neighbourhood  of 
Halifax  in  Yorkshire. 

Mr.  Joseph  Dickinson  desired  to  know  how  it  was  that 
these  specimens  showed  the  pith  so  well  preserved,  while  the 
large  fossil  trees,  often  met  with  in  mines,  so  rarely,  if  ever, 
had  any. 

Mr.  Gborgk  Wild  said :  I  have  listened  with  very  great 
interest  to  all  that  Mr.  Lomax  has  said.  The  paper  will 
undoubtedly  add  a  little  needed  palaeo-botanical  spice  to  the 
valuable  geological  and  mining  papers  published  in  the 
Society's  Transactions.  The  subject  is  not  only  an 
interesting  one,  but  eminently  serviceable  in  equiping  the 
mining  engineer  with  the  essentials  necessary  to  enable  him 
to  recognise  true  Coal  Measure  plants,  in  whatever  part  of 
the  world  he  may  be  employed,  a  great  desideratum  in  this 
age  of  discovery  and  development  of  stored-up  fuel  of  the 
coal  period.  To  be  able  to  correlate  the  fossil  plants  found 
in  the  rocks  in  foreign  countries  with  those  of  the  true  Coal 
Measures,  which  possess  so  wide  a  distribution,  or  to  deter- 
mine whether  the  measures  \mder  inspection  belong  to  some 
other  formation  which  occasionally  furnishes  coal  of  more  or 
less  value  as  fuel,  yet  of  more  uncertain  persistence  as 
workable  seams,  is  no  mean  accomplishment,  which,  as  our 
empire  extends  and  our  trade  develops  in  newly  acquired 
territories,   will    be    individually,    as    well   as   nationally. 
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beneficial,  and,  no  doubt,  fittingly  valued  and  remunerated. 
The  correlation  of  certain  Coal  Measure  plants  in  the 
various  members  of  the  Coal  Formation  has  been  studied 
by  Mr.  R.  Kidston  with  a  fair  amount  of  success,  and  which 
it  is  to  be  hoped  will,  in  the  future,  prove  of  great  service 
in  the  investigation  of  unproved  coalfields  both  at  home  and 
abroad.  The  palaoontological  evidence  furnished  by  a  close 
study  of  the  horizons  of  the  shells  and  fish  remains,  will  no 
doubt,  in  the  hands  of  scientific  experts,  yet  become  of  great 
utility  to  the  intelligent  mining  engineer,  in  the  recognition 
of  various  parts  of  the  coal  series,  which  may,  from  lack  of 
such  evidence,  have  long  been  in  a  doubtful  position. 

Professor  Weiss,  on  the  invitation  of  the  Chairman,  said: 
Mr.  Lomax  has  treated  this  subject  so  fully  that  there  is 
very  little  to  add,  especially  at  this  late  hour  of  the  meeting. 
I  might  say,  however,  regarding  the  last  plant  he 
mentioned — the  Halonial  branch  of  the  Lepidodendron  fvli- 
ginosuvi  of  Williamson — that  I  think  he  is  correct  in  the 
identification,  and  Dr.  Scott  is  of  the  same  opinion.  Mr. 
Kidston,  however,  disagrees  with  this  view  and  thinks  it 
belongs  probably  to  Sigillaria.  But  I  have  gone  into  the 
matter  very  carefully.  I  have  visited  Mr.  Kidston,  and  have 
seen  his  specimens,  and  must  adhere  to  the  first  identifica- 
tion Mr.  Lomax  made.  It  has  led  me  into  a  large  inquiry  re- 
garding the  Lepidodendron  fuliginoaum  of  Williamson,  and 
it  may  result  in  finding  that  we  have  really  two  plants;  this 
will  be  one  of  the  forms,  whilst  another  form  will  also  exist 
which  has  a  Halonial  branch,  with  more  than  two  rows  of 
tubercles.  I  think  there  will  probably  be  sufficient  reason 
for  distinguishing  the  two,  or  for  supposing  that  this  species 
had  two  forms  of  branches.  It  has  led  to  a  large  amount  of 
work,  but  it  shows  the  fruitful  character  of  this  discovery 
which  Mr.  Lomax  has  made,  and  to  the  discovery  must  be 
added  the   admirable  way  in  which   he  has  prepared  the 


Vol.  XXVi.]      DISCUSSION. PLANTS  OF  THE  COAL  HBA817BE8.  269 

microscopic  slides.  With  regard  to  the  question  as  to  the 
reasons  for  the  presence  of  preserved  pith  in  some  specimens 
and  its  absence  in  others,  I  think  some  light  might  be 
obtained  from  a  consideration  of  recent  plants.  There  are, 
of  course,  cases  where  pith  is  absent  in  the  living  plant — in 
the  Equisetum  group,  for  instance,  to  which  the  calamites 
belong.  In  other  forms  we  have  tissues  in  the  centre, 
constituting  the  pith,  but  the  pith  may  disappear  during  the 
life  of  the  plant;  such  a  plant,  when  it  becomes  fossilised, 
would  obviously  not  have  any  central  tissue  preserved,  but 
even  if  the  plant  had  up  to  its  death  retained  the  pith,  then 
there  might  have  been  a  certain  decay  going  on  before 
fossilisation  took  place,  in  which  case  again  the  central  part 
would  be  less  resistant,  and  be  the  first  to  be  attacked.  And 
so,  in  the  larger  trees  found  in  the  Coal  Measures.  We  are 
dealing  with  stems  in  a  state  of  decay,  either  preceding  or 
after  death,  and  generally  these  larger  stems  are  devoid  of 
pith,  whereas  the  smaller  stems  found  in  the  coal  balls  have 
their  pith  preserved,  and  yield  these  admirable  sections. 

Mr.  LoMAX  in  replying  thanked  the  members  for  the 
reception  of  his  paper,  and  referred  to  the  absence  of  pith 
in  certain  fossil  plants,  drawing  attention  to  some  specimens 
of  Stigmariay  which  retained  the  outer  bark,  with  a  central 
axis.  The  bark,  he  said,  was  well  preserved ;  the  intermediate 
tissue  between  the  central  axis  and  the  bark  was  gone,  the 
space  having  been  filled  with  rootlets,  and  other  portions  of 
plants,  showing  that  the  intermediate  portions  must  have 
decayed  pretty  quickly.  The  outer  bark  would  not  be 
above  an  eighth  of  an  inch  thick,  and  within  this  there 
waB  a  central  pillar.  It  was  clear  that  these  portions  must 
have  been  very  tough. 

This  concluded  the  business  of  the  meeting. 
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DESCRIPTION  OF  THE  PLATES. 


PLATE  I. 

Phot.  1. — ^An  almost  perfect  transverse  section  of  Lyginodendr^n 
Oldhamium  (Will).  U  1 — It  5,  five  leaf  traces  passing  through  the  pericycle ; 
it  ^a,  leaf  trace  about  to  pass  outwards  to  form  a  petiole  {^*  BaehiopteriM 
aspera  *') ;  x,  secondarj  wood ;  p,  pith.    Twice  natural  size. 

Phot.  2.— Portion  of  It  1  of  Phot.  1  magnified  25  diameters.  //,  leaf 
trace  ;  x,  secondary  wood ;  fM\  medullary  ray. 

Phot.  3. — Another  portion  of  Phot.  1,  magnified  25  diameters,  p,  pith  ; 
mVf  medullary  ray ;  x^  secondary  wood  ;  jmp,  protoxylem. 

Phot.  4. — A  fully  developed  petiole  of  Lyginodsndnm  Oldhamium 
{^* Raehiopteru  aspera**).  Magnified  4  diameters,  vb^  vascular  bundles, 
corresponding  to  the  leaf  trace  bundles  It  of  Phot.  1  and  2 ;  J>c,  DietyoxyUm 
cortex ;  pd^  periderm. 

Phot.  6. — ^Transverse  section  of  the  root  of  Lyginodendron  Oldhamium 
(*^KaloxyUm  Hooker%**)\  magnified  26  diameters,  px^  protoxylem;  ph, 
phloem  g^up. 

Phot.  6. — Tangential  section  of  Lyginodendron  Oldhamium,  showing  a 
root  as  it  emerges  from  the  Dietyoxylon  cortex ;  magnified  8  diameters. 
cy,  central  cylinder ;  x,  secondary  wood ;  e,  cortex. 

All  the  figures  on  this  plate  are  from  specimens  from  Dulesgate,  near 
Todmorden. 

PLATE  II. 

Phot.  7. — Radial  section  of  Lyginodendron  Oldhamium,  from  the  same 
specimen  as  Phot.  1 ;  magnified  60  diameters,  mr,  medullary  rays;  th, 
tracheides,  shewing  reticulated  vessels. 

Phot.  8. — Tangential  section  of  the  same,  magnified  60  diameters,  mr, 
medullary  rays ;  th,  tracheides. 

Phot.  9.— Transverse  section  of  a  fully  developed  root  of  Lyginodendron 
Oldhamium;  magnified  10  diameters,  px,  protoxylem;  ph,  phloem;  c, 
cortex. 

Phot.  10. — ^Transverse  section  of  Zyginodendron  Oldhamium  giving  off  a 
petiole  {** Rachiopterit  aspera**)  at  Jia  i.  Natural  size.  Zyg  2,  oblique 
section  of  Zyginodendron,  giving  off  a  petiole  at  i2a  f ;  Be,  Dietyoxylon  cortex. 

Phot.  II. — Transverse  section  of  very  small  rootlet  of  Zyginodendron 
{"Kaloxylon  Hookeri " ) ;  magnified  40  diameters,  px,  protoxylem ;  x,  secondary 
wood. 

Phot.  12.— Portion  of  transverse  section  of  a  young  Heterangium  Orievii ; 
magnified  12  diameters.     It,  leaf  trace  bundles ;  x,  secondary  wood;  p,  pith. 

All  the  figures  on  this  plate  are  from  specimens  from  Dulesgate,  near 
Todmorden. 
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PLATE  III. 

Phot.  13.— Exterxud  view  of  *•  Specimen  No.  2  "  shewing  all  the  parte 
of  the  block  where  the  Meduiloia  angliea  ia  exposed ;  f  ,f ,  S,S^  4U*  pl&nes 
from  which  sections  have  been  prepared.  Phot.  16  is  from  one  parallel  to 
4,4,  about  l^inch  from  it,  the  intervening  space  being  used  for  vertical 
sections,  aa,  the  external  surface  of  a  petiole,  extending  the  whole  length 
of  the  block  {pet  1  in  Phot.  16) ;  e^  another  petiole  which  has  split  away  ;  be, 
a  new  petiole,  which  appears  at  about  the  line  s  shewn  in  Phot.  16,  pei,  S. 
The  petiole  shewn  in  Phot.  16,  pet  S,  is  not  seen  here  as  it  lies  at  the  back  of 
the  specimen.  About  two-thirds  natural  size.  (Reduced  from  Dr.  Scott^s 
figure  in  Phil.  Trans.  Roy.  Soc.,  1899,  by  mutual  arrangement.) 

Phot.  14. — Small  portion  of  Medulloea  angliea  shewing  portion  of  a 
stele,  et ;  It,  leaf  trace,  commencing  to  develop  ite  protoxylem ;  pd,  periderm. 
Magnified  20  diameters. 

Phot.  15. — Portion  of  a  transverse  section  of  petiole  of  Medulloaa  angliea^ 
magnified  10  diameters.    It,  leaf  trace  bundles ;  ge,  gum  canals ;  e,  cortex. 

PLATE  IV. 

Phot.  16. — Transverse  section  of  MeduUosa  angliea,  from  the  *'  No.  2 
specimen  "  shewn  on  Plate  III.  at  1,  at  S,  at  S,  the  three  steles,  which  are 
almost  perfect ;  pet  1,  pet  2,  pet  S,  the  three  petioles,  or  leaf  stalks,  1  and  S 
being  almost  free  from  the  stem  ;  pet  giBlhe  one  shewn  at  be  on  Phot.  13  ; 
oe,  outer  cortex,  or  hjrpoderma  ;  It,  leaf  trace  bundles ;  vb,  vascular  bundles  ; 
pd,  periderm.  Slightly  enlarged.  This  section  will  pass  into  the  collection 
of  Mr.  Geo.  Wild. 

Phot.  17. — ^Transverse  section  of  a  large  undivided  leaf  trace  bundle 
being  given  off  from  stele  No.  3  of  Phot.  16  ;  px,  protoxylem ;  x,  secondary 
wood  extending  all  round  except  for  accidental  rupture ;  ph,  phloem. 
Magnified  60  diameters.     (After  Dr.  Scott,  Phil.  Trans.  Roy.  Soc.  1899.) 

Phot.  18. — ^Transverse  section  of  a  root  of  Medulloaa  angliea  associated 
with  '*  Specimen  No.  2."  px,  the  three  protoxylem  angles  ;  rt,  rootlet ;  x, 
secondary  wood ;  ph,  phloem  ;  pd,  periderm.     Magnified  10  diameters. 

PLATE  V. 

Phot.  19. — Longitudinal  section  of  a  root  of  Medulloaa  angliea;  pd, 
periderm ;  x,  wood  of  root.    Magnified  20  diameters.     (After  Scott.) 

Phot.  20. — ^Transverse  section  of  root  of  Medulloaa  angliea  ;  pd,  periderm ; 
px,  wood ;  9,  secondary  wood ;  rt,  the  vascular  strands  of  a  rootlet.  Magnified 
20  diameters.    (After  Scott.) 

Phot.  21  .—Vertical  section  through  one  of  the  steles  of  Medulloaa  angliea; 
X,  secondary  wood  shewing  the  bordered  pite  of  tracheides ;  px,  spiral  elemento 
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of  protoxylem;    x2t  inner  part  of  primary  wood  shewing  the  spiral  or 
scalariform  vessels.    Magnified  125  diameters.    (After  Scott.) 

Prot.  22. — ^TransTerse  section  of  the  Lepidadtndron  fuliginotum  shewn  on 
Plate  YI.,  taken  at  the  point  A,  e,  cortex ;  ict  inner  cortex  ;  Hb,  leaf  trace 
bandies ;  i^o,  vascular  axis ;'  p,  pith ;  t,  sheath  of  leaf  trace  bundles.  Natural 
sixe. — Section  now  in  the  Manchester  Museum,  Owens  College. 


PLATE  VI. 

Phot.  23. — ^A  new  Haloma-like  form  of  Ztpidodgndrou  fuliginommy  of 
Williamson,  before  it  was  cut  into  sections.  Natural  size.  One  portion  is 
now  in  the  Botanical  Laboratory  of  The  Owens  College,  Manchester.  Phot. 
22  is  the  transverse  section  of  this  specimen. 


The  author  has  to  thank  Dr.  Scott  for  allowing  him  to  reproduce 
photographs  13,  17,  19,  20,  and  21.  All  the  others  arc  from  the  author's 
own  slides. 
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EXCURSION  TO  LANGSETT,  NEAR  PENISTONE, 
TO  VIEW  THE  NEW  WATERWORKS  OF  THE 
SHEFFIELD  CORPORATION,  15th  July,  1899. 


On  arriving  at  Langsett,  Mr.  William  Watts,  F.G.S., 
Engineer  of  the  Little  Don  Valley  Works,  and  a  past 
President  of  the  Society,  met  the  party,  and  said : — 

It  gives  me  great  pleasure  to  meet  once  again  the  members 
of  the  Manchester  Geological  Society,  and  to  give  them  a 
hearty  welcome  to  Langsett  this  afternoon. 

Before  asking  you  to  accompany  me  over  the  great  works, 
which  the  Corporation  of  Sheffield  have  placed  in  my  hands 
to  construct,  I  should  like  to  say  a  few  words  generally  on 
the  geological  and  climatic  conditions  of  the  district.  We 
stand  in  a  position  of  advantage  for  the  eye  to  wander 
over  hill  and  valley  scenery  covering  an  area  of  about 
20,000  acres.  To  the  right  of  us  the  hiUs  rise  to  an 
altitude  of  1700  feet  above  the  sea  level,  and  fall  to  500 
feet  at  Stockbridge,  in  a  distance  of  six  miles,  producing 
an  average  gradient  of  one  in  twenty-six. 

With  the  exception  of  WamclifPe  Crags  in  the  distance, 
all  the  hills  are  mammillated  and  covered  with  vegetation 
common  to  elevated  moorlands  on  the  Pennine  hills,  and  in 
a  number  of  places  trees  adorn  the  crests. 

Right  away  from  Deepcar,  the  margin  of  the  Little  Don 
river  is  ornamented  with  trees  and  woody  undergrowth. 
Many  forest  trees  of  healthy  growth  and  stately  size  are 
met  with,  and  in  Sheephouse  Wood  some  fine  hollies  grow. 

The  oak,  ash,  elm,  and  sycamore  flourish  abundantly 
Such  a  profusion  of  vegetation  is  not  found  on  the  Lan- 
cashire side  of  the  Pennine  Chain,  where  trees  are  rarely 
found  except  in  sheltered  places. 
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The  Little  Don  is  a  tjT)ical  moorland  river.  It  winds  in 
and  out  until  it  dies  away  unseen  in  the  peat  and  heather 
on  the  moorland  slopes.  In  seasons  of  drought  it  is  reduced 
in  volume  of  flow  to  '028  cubic  feet  per  second  per  100 
acres,  and  swells  out  in  time  of  maximum  flood  to  30  cubic 
feet  per  second  per  100  acres. 

Although  I  have  been  at  Langsett  two  years  only,  I  have 
noticed  that  the  climatic  conditions  are  far  more  genial  for 
plant  and  bird  life  than  in  the  valleys  on  the  other  side  of 
the  Pennine  Chain  where  I  have  been  professionally  engaged 
for  so  many  years.  The  air  seems  to  me  drier  and  warmer, 
although  the  average  rainfall  is  not  much  less. 

Coming  now  to  the  geology  of  the  district  immediately 
around  us.  We  stand  on  a  thin  covering  of  valley  alluviimi 
overlying  the  Rough  Rock  of  the  Millstone  Grit  series,  and 
the  elevated  hills  to  the  right  of  us  bring  to  the  surface  in 
a  few  places  the  Kinderscout  Grits,  or  the  bottom  beds  of  the 
series,  but  as  yet  I  have  not  explored  them.  The  Rough 
Rock  is  very  good  building  stone,  and  is  being  used  in  the 
works  before  you.  Its  colour  and  texture  are  all  that  can 
be  desired  for  reservoir  purposes,  and  one  could  not  have  it 
more  conveniently  placed  for  the  service  of  our  works. 

Immediately  below  the  Rough  Rock  exists  a  bed  of  carbon- 
aceous shale,  about  200  feet  in  thickness.  It  contains  many 
Goniatites  and  ironstone  nodules,  and  forms  the  foundation 
for  the  concrete  and  puddle  trench  of  the  embankment,  which 
you  see  opened  out  in  front  of  you.  The  lower  beds  are  full 
of  water,  which  increases  in  volume  with  the  depth,  and  has 
the  character  of  maintaining  a  uniform  temperature,  winter 
and  summer  alike,  of  50°  F.  No  doubt  these  beds  are  extensive, 
and  plunge  imder  the  Lower  Coal  series  about  a  quarter  of  a 
mile  down  the  valley — ^a  fact  which  makes  them  very 
trustworthy  and  safe  for  the  insertion  of  an  impervious  core 
for  a  deep  reservoir. 
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Althougli  I  have  diligently  searched  for  boulder  clay,  and 
granite  and  other  boulders,  I  have  been  unable  to  find  them 
in  Langsett  valley — a  fact  worth  notice. 

It  appears  to  me  therefore  that  the  agency  of  ice  has  not 
been  active  in  the  Little  Don  valley. 

Quite  a  number  of  faults  exist  in  the  valley,  and  some 
beautifully  contorted  beds,  which  lend  variety  and  interest 
to  an  eye  trained  to  see. 

I  must  not  conclude  my  remarks  without  some  reference 
to  the  hydraulic  works  which  in  the  main  you  have  come 
to  Langsett  to  see. 

The  embankment  before  you,  staked  out  by  the  profiles  on 
either  slope,  will,  on  completion,  be  the  largest  belonging 
to  Sheffield.  It  will  require  nearly  a  million  cubic  yards  of 
earth  and  puddle  to  make  it,  in  addition  to  about  30,000 
cubic  yards  of  cement  concrete  in  the  trench  below  the 
surface  of  the  ground. 

Considerable  volumes  of  water  found  their  way  into 
it  along  the  bed  planes  of  the  shale;  this  had  to  be 
pumped  out  at  the  rate  of  30,000  gallons  per  hour  for 
several  months,  and  the  fiow  does  not  cease  till  the  surface 
of  the  valley  is  reached,  but  as  may  be  expected  the  rate  of 
pumping  is  reduced  as  the  re-filling  proceeds. 

The  beds  dip  north-east  at  a  slight  angle,  and  are  fairly 
uniform  throughout.  One  exception  however  to  this  rule 
was  met  with  in  the  middle  of  the  valley,  where  some  curiously 
contorted  beds  were  intercalated  with  bands  of  clayey  or 
crushed  material,  but  they  disappeared  at  a  depth  of  100  ft. 
below  the  surface,  and  normal  floors  of  shale  came  in. 
Curiously  enough  the  area  of  contorted  shale  yielded  very 
little  water.  Indeed  it  was  practically  dry,  but  on  either 
side  the  largest  influx  appeared  and  remained  almost  un- 
abated to  the  last. 
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To  deal  successfully  with  large  volumes  of  water  under 
great  pressure  taxes  the  abilities  of  engineers  to  keep  it  out 
of  the  matrix  forming  the  central  core  of  the  embankment, 
and  from  lifting  or  disturbing  it  during  the  time  of  setting. 
Kept  to  the  sides  it  does  no  harm,  but  practical  engineers 
know  how  difficult  it  is  to  divert  a  deep-seated  spring  from 
the  course  nature  has  provided  for  it. 

By  far  the  larger  influx  of  water  comes  in  on  the  higher 
or  uphill  side  of  the  trench,  and  it  was  interesting  to  observe 
how  persistently  it  kept  to  the  ducts  giving  it  birth,  during 
subsequent  sinking,  necessitating  brattice  cloth  to  be  used 
to  prevent  it  splashing  on  the  men  working  imdemeath. 
All  the  water  flows  along  the  bed  planes.  Indeed  there 
are  very  few  vertical  joints  in  the  shale  in  which  the  trench 
is  cut.  I  noticed  also  that  it  waa  practically  impossible  to 
force  the  water  horizontally  by  putting  in  a  block  of 
concrete  in  any  particular  part,  and  I  took  advantage  of 
this  phenomenon  to  refill  the  wettest  part  first  to  save 
pmnping,  which  answered  admirably. 


After  an  inspection  of  the  plans  of  the  works  in  the 
Engineer's  office,  the  members  of  the  party  were  conducted 
by  Mr.Watts,first  through  Langsett  village,  where  they  viewed 
the  iron  dwellings  of  the  men  engaged  in  the  work,  and  the 
canteen,  mission,  and  recreation  rooms  provided  for  their  use 
by  the  Sheffield  Corporation.  Thence  over  the  works,  where 
they  observed  the  progress  made  with  the  construction  of 
the  reservoir  since  the  conmiencement,  in  October,  1897. 
The  first  portion  of  the  work  inspected  was  the  discharge 
tunnel,  leading  to  the  valve  well  or  shaft.  The  total  length 
of  this  timnel  is  about  400  yards,  the  shaft  being  in  the 
centre.  Mr.  Watts  explained  how,  at  this  point,  the  supply 
of  water  will  be  governed  by  valves  connected  with  a 
vertical  pipe,  worked  by  hydraulic  pressure.     In  the  well 
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will  be  fixed  a  pipe,  43  inches  in  diameter,  which  will  carry 
away  the  water  for  consumption,  subsequently  supplying 
other  pipes  for  the  needs  of  the  citizens  of  Sheffield,  and 
also  to  meet  the  compensation  claims.  Mr.  Watts  described 
the  positions  of  the  valves,  and  added  that  they  had  now 
carried  the  well  up  41  feet.  There  was  a  consensus  of 
opinion  that  the  solidity  of  the  foundations  had  been  well 
studied,  and  the  critics  were  not  slow  in  expressing  their 
admiration  of  the  way  in  which  the  masonry  had  been 
carried  out.  In  connection  with  the  valve  well,  it  may  be 
interesting  to  state  that  the  total  capacity  of  the  reservoir 
is  fourteen  hundred  million  gallons,  and  the  maximum 
discharge  wUl  be  about  70,000  cubic  feet  per  minute  in  flood 
time.  It  may  be  imagined  that  the  springs  of  water  have 
been  a  source  of  great  difficulty  in  the  construction  of  the 
foundations  ;  but  it  is  satisfactory  to  know  that  this  has  now 
been  surmounted. 

Mr.  Watts  showed  the  extent  of  the  reservoir,  the  area 
being  120  acres,  and  the  greatest  depth  100  feet.  iEaving 
spent  a  short  time  in  examining  the  formation  of  the  land, 
the  party  examined  the  bed  of  the  embankment,  which  is  to 
stretch  four  hundred  yards  across  the  Don  Valley  in  order 
to  dam  up  the  water.  When  the  tremendous  force  of  water 
that  this  embankment  will  be  called  upon  to  resist  is  taken 
into  consideration,  the  importance  of  the  engineering  work 
in  connection  with  this  part  of  the  reservoir  cannot  be  over- 
estimated. The  average  depth  of  the  trench  is  85  feet; 
at  one  point  the  depth  was  119  feet,  this  being  its 
deepest  part.  The  excavation  of  the  trench  has  been 
practically  completed,  and  the  work  of  making  the  base  of 
the  embankment  was  viewed  with  great  interest  on  Saturday 
afternoon.  Concrete  is  being  used,  and  wiU  be  carried  to 
within  a  few  feet  of  the  surface;  every  care  is  being  taken 
in  order  to  ensure  the  stability  of  the  basis  of  the  dam.     At 
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the  base  the  embankment  will  be  630  feet  wide,  and  at  the 
top  28  feet.  Mr.  Watts  also  described  the  gathering 
grounds  comprised  in  the  6,200  acres  belonging  to  the  Cor- 
poration, and  the  many  ways  in  which  the  spot  has  been 
endowed  by  Nature  as  the  source  of  a  great  water  supply. 
He  intimated  that  it  was  hoped  that  the  reservoir  would 
begin  to  fill  in  four  years  from  the  present  time. 


On  the  motion  of  Mr.  Stirrup,  seconded  by  Mr.  Ridyard, 
a  hearty  vote  of  thanks  was  passed  to  Mr.  Watts,  who  in 
briefly  replying,  said  he  hoped  that  the  Society  would  revisit 
the  works  next  year. 


TRANSACTIONS 


MANCHESTER  GEOLOGICAL  SOCIETY. 
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The  Annual  Meeting  of  the  Members  was  held  on 
Tuesday,  October  10th,  1899,  at  the  Society's  Rooms, 
Queen's  Chambers,  5,  John  Dalton  Street,  Manchester. 

Mr.  Mark  Stirrup,  Vice-President, 
in  the  Chair. 


NEW  MEMBER. 


Mr.  Roger  Tatham,  51,  Oxbury  Avenue,  Fulham, 
London,  S.W.,  was  balloted  for  and  duly  elected  a 
Member  of  the  Society. 


THE  ANNUAL   REPORT  AND    TREASURER'S 
STATEMENT. 


Mr.  LiNDSBY,  one  of  the  Honorary  Secretaries,  read  the 
Report  of  the   Council   for  the  Session  1898-99. 

10 
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REPORT  OF  THE  COUNCIL, 

For  the  Session  1898-99. 

The  Coimcil,  in  presenting  their  Sixty-first  Annual 
Report,  have  pleasure  in  recording  the  satisfactory  results 
of  the  past  years*  work  as  follows : — 

The  Annual  Meeting,  six  Ordinary  Meetings  and  one 
Special  Evening  Meeting  were  held  in  the  Society's  Rooms, 
6,  John  Dalton  Street,  Manchester,  and  two  Ordinary 
Meetings  were  held,  as  usual,  in  the  Mining  School,  Wigan. 

Fifteen  new  members  have  been  elected,  and  one  has 
been  re-instated. 

The  losses  include  one  honorary  member  and  four 
ordinary  members  by  death,  and  eleven  by  resignations. 

There  has  been  a  net  increase  of  one  ordinary  member 
and  a  decrease  of  one  honorary  member. 

Two  members  have  compounded  for  their  subscriptions 
by  paying  the  life  composition  of  £10. 
The  Society  now  consists  of : — 

Honorary  Members 11 

Life  Members         10 

Ordinary  Members 212 

Total       233 

The  members  may  be  congratulated  upon  the  papers  read 
during  the  Session,  which  have  been  printed  in  the  Society's 
Transactions,  but  it  is  hoped  that  the  contributions  may  be 
even  more  liberal  in  the  coming  year. 

Papers  on  subjects  relating  to  mining  have  been  read  by 
Mr.  James  Keen,  Mr.  John  Gterrard,  Mr.  W.  J.  Orsman, 
and  Mr.  Harrison  Deans. 
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Geological  subjects  were  brought  forward  by  Messrs. 
W.  F.  Holroyd  and  J.  Barnes,  Dr.  Wheelton  Hind,  Mr. 
Mark  Stirrup,  Mr.  Q.  H.  Morton,  and  Mr.  James  Lomax. 

The  British  Association  Loan  Collection  of  Geological 
Photographs  was  exhibited  by  Mr.  C.  R.  Lindsey,  many  of 
them  being  shown  by  the  aid  of  the  lime-light,  at  the 
Special  Evening  Meeting. 

Valuable  Geological  Specimens  were  exhibited  by  Messrs. 
Holroyd  and  Barnes,  Mr.  Mark  Stirrup,  Mr.  Joseph 
Dickinson,  Mr.  James  Lomax,  Mr.  Henry  Hall,  Mr.  Ryans, 
Mr.  Dobbs,  Mr.  Hughes,  and  Mr.  Saint. 

A  complete  list  of  the  papers  and  short  communications 
read  during  the  Session  is  appended. 

Members  are  reminded  that  the  usual  technical  journals, 
and  the  publications  from  kindred  Societies  with  whom  we 
exchange  transactions,  continue  to  be  received,  and  that 
these,  together  with  the  books  and  geological  maps,  are 
available  for  reference  on  week-days  between  the  hours  of 
9-30  a.m.  and  5-30  p.m.,  except  on  Saturdays  when  the 
Rooms  are  closed  at  1  p.m. 

The  Library  is  very  valuable  and  forms  an  important 
asset  of  the  Society.  It  contains  a  large  number  of 
standard  works  on  mining  and  geological  subjects,  besides 
numerous  pamphlets,  maps  and  sections.  The  Council 
regret  to  state  that,  owing  to  the  necessarily  large 
expenditure  in  connection  with  the  present  Rooms,  they 
have  been  unable  to  devote  a  sufficient  amount  to  the 
purchase  of  recent  works,  or  to  the  binding  of  the  books. 
They  would  be  pleased  to  receive  donations  of  works  from 
members  who  desire  to  add  to  its  usefulness  and  thereby 
confer  a  lasting  benefit  on  the  Society. 

The  Society  continues  on  the  list  of  Corresponding 
Societies  of  the  British  Association,  and  Mr.  Mark  Stirrup, 
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at  the  request  of  the  Council,  very  kindly  acted  as  your 
delegate  at  the  meetings  held  at  Bristol  in  1898,  and  at 
Dover  in  1899. 

The  Council  regretfully  record  the  death  of  the  President 
and  Treasurer,  Mr.  Clegg  Livesey,  who  at  various  times 
had  held  every  office  in  the  Society,  and  whose  long  and 
valuable  services  were  highly  appreciated ;  also  of  Mr. 
Samson  Garside,  a  Vice-President,  and  Mr.  Thomas  Livesey, 
and  Mr.  John  lies ;  and  also  M.  Brongniart,  an  Honorary 
Member. 

From  a  financial  point  of  view  the  year  has  been  a  fairly 
satisfactory  one,  as  shown  by  the  accompanying  Statement 
of  Accounts. 

The  attendances  at  the  meetings  have  been,  on  the  whole, 
larger  than  usual,  and  much  interest  haa  been  evinced  in 
the  discussion  of  the  various  papers. 

The  Council  have  pleasure  in  recording  their  indebtedness 
to  the  Governors  of  the  Mining  School,  Wigan,  for  the  use 
of  the  Lecture  Hall,  in  which  the  January  and  May 
meetings  were  held ;  to  the  authors  for  their  respective 
commimications ;  and  to  Mr.  William  Watts,  one  of  the 
Past-Presidents,  for  conducting  an  excursion  of  the 
members  to  view  the  new  water-works  in  the  valley  of 
the  Little  Don,  at  Langsett,  belonging  to  the  Sheffield 
Corporation,  on  July  15th,  an  account  of  which  appears 
in  Part  IX.,  Vol.  XXVI. 

In  conclusion,  the  Council  appeal  to  the  members 
generally  to  further  the  interests  of  the  Society  by 
individual  effort,  in  securing  new  members,  by  increased 
attendances  at  the  meetings,  and  in  contributing  papers  for 
discussion. 

Mr.  LiXDSEY  also  read  the  following  abstract  of  the 
Treasurer's  Accounts : — 
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The  Chairman  said :  Members  will  quite  understand  that 
the  expenses  of  our  present  rooms  are  much  heavier  than 
those  of  the  rooms  in  George  Street,  which  were  occupied  so 
long  under  the  Literary  and  Philosophical  Society.  That  is 
the  reason,  no  doubt,  why  we  have  not  a  little  balance  left 
for  investment.  Ever  since  we  came  here  we  have  been 
unable  to  make  any  addition  to  our  investments.  To  keep 
down  expense  and  increase  the  number  of  members  is  what 
we  have  to  look  after.  I  move  the  adoption  of  the  Report 
and  Balance  Sheet. 

The  motion  was  seconded  by  Mr.  Hollixgworth,  and 
unanimously  carried. 


ELECTION    OF    OFFICERS. 

The  Chairman  said :  Our  next  business  will  be  the 
election  of  officers  for  the  ensuing  session.  The  Council 
have,  as  has  been  their  custom,  prepared  a  list  of  gentlemen, 
eligible  for  the  various  offices,  to  submit  to  this  meeting, 
but  members  will  understand  that  they  are  not  bound  to 
adopt  this  selected  list,  but  that  anyone  is  at  liberty 
to  propose  other  names  in  their  places.  The  retiring 
Council  have  no  wish  to  press  forward  the  name  of 
any  gentleman,  but  it  has  been  foimd  convenient, 
in  order  to  facilitate  business,  to  come  before  the 
meeting  each  year  with  a  list  of  gentlemen  which  they 
recommend  for  your  adoption.  For  the  office  of  President 
Mr.  W.  S.  Barrett,  J.P.,  is  proposed.  It  was  our  misfortune 
last  year  to  lose  our  President  (Mr.  Clegg  Livesey)  by  death 
during  his  term  of  office ;  and  Mr.  Livesey,  besides  being 
President  and  Treasurer  of  the  Society  was  also  one  of  our 
Trustees. 

Mr.  Barrett  was  unanimously  elected  President,  on  the 
motion  of  Mr.  Hollinoworth,  seconded  by  Mr.  Peace  ;  and 
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the  following  Vice-Presidents  were  also  elected: — ^Mr.  G. 
H.  HoUingworth,  Mr.  W.  F.  Holroyd,  Mr.  G.  Peace,  and 
Mr.  S.  S.  Piatt.  Mr.  G.  H.  HoUingworth  was  also  elected 
Hon.  Treasurer,  and  Mr.  Mark  Stirrup  Hon.  Librarian. 

With  regard  to  the  vacant  office  of  Trustee,  Mr.  Stirrup 
said :  It  has  already  been  intimated  that  we  have  lost  one 
of  our  Trustees,  Mr.  Clegg  Livesey,  by  death.  His  co- 
trustee, Mr.  Dickinson,  however,  survives,  and  is  with  us. 
Mr.  Lees  Knowles,  M.P.,  has,  I  am  glad  to  say,  consented 
to  fill  the  vacant  Trusteeship.  The  office  is  an  important 
one,  and  it  is  a  matter  of  great  satisfaction  to  us  that  Mr. 
Enowles  has  intimated  his  willingness  to  accept  it.  Perhaps 
some  gentleman  will  formally  move  his  appointment. 

Mr.  G.  H.  HoLLiNGwoRTH  moved  that  Mr.  Lees  Knowles, 
M.P.,  be  appointed  a  Trustee  in  place  of  the  late  Mr.  Clegg 
Livesey. 

The  motion  was  seconded  and  carried  unanimously. 

For  the  office  of  Auditors  Mr.  J.  Barnes  and  Mr.  G.  H. 
Winstanley  were  imanimously  elected. 

Mr.  Stirrup  said  that  Mr.  Lindsey,  one  of  the  Hon. 
Secretaries,  wished  to  be  relieved  of  his  office,  but  his 
colleague,  Mr.  Saint,  would  continue  his  services.  Though 
he  retired  from  the  Secretaryship  they  hoped  to  have  Mr. 
Lindsey's  services  on  the  Council  during  the  coming  year. 
For  the  vacancy  caused  by  his  retirement  Mr.  J.  Tonge, 
Jimr.,  the  son  of  an  old  and  esteemed  member  of  the  Society, 
had  been  suggested,  and  he  would,  if  elected,  no  doubt 
render  valuable  assistance  in  the  Secretaryship. 

Mr.  J.  S.  Burrows  moved  the  appointment  of  Mr.  J. 
Tonge,  Junr.,  as  joint  Honorary  Secretary  with  Mr.  W. 
Saint. 

The  motion  was  seconded  by  Mr.  Barnes,  and  unani- 
mously adopted. 


276  KLRorioN  OF  OFFiCEBS.  [Oct.,  1899, 

Mr.  Stirrup  said  the  following  was  the  suggested  list  of 
other  members  of  the  Council,  and  he  would  move  its 
adoption : — ^Mr.  J.  Atherton,  Mr.  J.  Barnes,  Mr.  J.  Crank- 
shaw,  Mr.  J.  Gerrard,  Mr.  G.  C.  Greenwell,  Junr.,  Mr.  G. 
B.  Harrison,  Mr.  C.  R.  Lindsey,  Mr.  D.  H.  F.  Mathews, 
Mr.  A.  Dury  Mitton,  Mr.  Thomas  Scowcroft,  Mr.  J. 
Unsworth,  and  Mr.  L.  B.  Wells. 

The  adoption  of  the  list,  as  proposed,  was  seconded  by 
Mr.  James  Tonge,  and  unanimously  agreed  to. 


Mr.  Stirrup  said  he  wished  before  inviting  the  new 
President  to  give  his  promised  address  to  mention  that 
Professor  Hull,  F.R.S.,  F.G.S.,  had  kindly  promised  during 
the  Session  to  come  and  deliver  a  lecture  to  the  members  of 
the  Geological  Society  and  the  Manchester  Field  Club.  The 
date  had  been  fixed  for  Thursday,  November  9th,  and  the 
Principal  of  Owens  College  had  granted  the  use  of  one  of 
the  Lecture  Theatres  of  the  College  for  the  purpose.  Pro- 
fessor Boyd  Dawkins  had  promised  to  preside,  and  Mr. 
Stirrup  hoped  there  would  be  a  good  attendance  of  members 
and  their  friends.  The  title  of  the  lecture  would  be  "  Sub- 
oceanic  Terraces  and  River  Valleys  off  the  coasts  of  the 
British  Isles  and  Western  Europe,"  illustrated  by  maps  and 
lantern  slides. 
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THE    PRESIDENT'S    ADDRESS. 

The  President  (Mr.  W.  S.  Barrett)  then  took  the  Chair, 
amidst  cheers,  and  delivered  the  following  address  : — 

Before  I  begin  my  address  I  desire  most  heartily  to  thank 
the  members  of  the  Society  for  electing  me  to  the  honour- 
able position  of  President,  and  to  say  that  looking  back  to 
the  long  line  of  eminent  and  learned  men  who  have  occupied 
the  Presidential  chair,  I  feel  deeply  the  honour  bestowed 
on  me,  and  the  greatest  diffidence  in  accepting  the  position. 
I  can  only  say  the  knowledge  of  the  ability  and  brilliancy 
of  my  predecessors  will  act  as  an  incentive  to  me  to  f oUow, 
however  unworthily,  in  their  footsteps,  and  to  endeavour  to 
maintain  in  as  high  a  degree  as  possible  the  interests  and 
aims  of  the  Society. 

It  is  quite  impossible  for  me  to  address  the  Society  on 
subjects  geological.  My  whole  business  life  has  been  spent 
in  commercial  pursuits,  and  anything  I  have  learned  as  to 
the  mysteries  of  Mother  Earth  has  been  gained  by  attending 
our  meetings  and  listening  to  papers  and  discussions  on  the 
various  matters  which  have  come  before  the  Society. 

Some  exception  has  occasionally  been  taken  to  the  title, 
"  Manchester  Geological  Society,'*  and  to  the  fact  that  many 
of  its  papers  have  little  relation  to  geology.  Probably  if 
the  Society  were  now  commencing  it  might  well  be  styled 
the  "  Manchester  Mining  and  Geological  Society,"  but  after 
all,  the  aim  and  work  of  the  Society  is  well  understood,  and 
no  doubt  greatly  appreciated. 

Geology  and  mining  are  twin  sisters,  and  the  combination 
of  the  theoretical  and  practical  in  the  records  of  the  Society 
is  a  happy  one.  Some  of  our  past  Presidents  have  been 
geologists  of  the  highest  order,  and  also  giants  in  mining 
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experience   and    talent.     Others    could    claim    no    special 
geological  knowledge  nor  that  of  practical  mining,  but  being 
closely  associated  with  both  as   having  interests  in  mine 
ownership,  and  being  engaged  in  mining  commerce,  were  a 
connecting  link  between  one  and  the  other.     To  the  latter 
class  I  have  the  honour  to  belong.     During  more  years  than 
I  care  to  record  I  have  attended  the  Society's  meetings,  and 
have  followed  the  proceedings  with  the  greatest  interest,  and 
believe  the  works  of  the  members  both  in  the  Society  and 
outside  has  exercised  a  by  no  means  unimportant  influence 
on  all  that  appertains  to  the  welfare  of  the  mining  industry. 
During  the  half  century  or  so  which  covers  the  existence  of 
the  Society  there  have  been  very  considerable  changes  in 
connection  with  mining,  and  what  was  comparatively  a  small 
occupation  has  developed  into  one  of  the  greatest  industries 
of  the  United  Kingdom,  and  in  that  development  the  area 
of  the  Society  comprising  chiefly  the  County  of  Lancaster 
has  done  its  fidl  share.     I  will  not  trouble  you  with  many 
figures,  but  would  just  point  out  that  in  1854  the  production 
of  coal  was  well  under  50,000,000  tons,  while  in  1897  it  had 
risen  to  over  200,000,000.     The  number  of  persons  employed 
during  the  same  period  had  risen  from  236,000  in  1854  to 
695,000  in  1897.     Mine  inspectors  have  been  created  since 
the  formation  of  the  Society,  and  it  is  not  too  much  to  say 
that  the  excellent  effects  in  the  increase  of  safety  without 
unduly  harassing  the  work  done  has  been  due  in  great 
measure  to  the  high  character  and  talents  of  the  mining 
inspectors,  of  whom  we  have  some  illustrious  examples  in 
the  membership  of  our  Society.     Those  gentlemen  will,  I 
am  sure,  take  no  exception  to  my  remarking  that  the  colliery 
proprietors  of  Lancashire  and  Cheshire,  at  any  rate,  may 
claim  to  have  had  an  important  share  in  the  good  work  that 
has  been  done  as  regards  increased  efficiency  and  diminished 
danger ;  indeed,  in  this  latter  respect  the  coimty  of  Lan- 
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caster  has  not  only  been  in  advance  of  other  parts  of  the 
United  Kingdom,  but  in  advance  of  Parliament  itself ,  and 
very  many  colliery  owners  have  voluntarily  adopted  safety 
appliances  before  such  arrangements  have  been  specially 
legislated  on.  To  give  one  illustration  I  would  here  remark 
that  the  proportion  of  fatal  accidents  to  persons  employed 
which  in  1854  was  1  to  every  225,  in  1897  had  diminished  to 
1  in  803.  I  venture  to  think  that  mining  in  the  future  will 
tax  even  more  than  in  the  past  the  skill  of  mining  engineers, 
and  possibly  the  pockets  of  coal  owners.  The  mines  that 
have  to  be  worked  are  deeper  than  those  which  our  fore- 
fathers expended  their  capital  and  energies  on,  and  not  only 
will  that  increased  depth  demand  greater  skill  and  economy, 
but  the  difficulties  in  getting  down  to  the  mines,  in  many 
cases  through  heavily  watered  strata,  will  be  proportionately 
increased.  I  need  no  excuse  for  mentioning  this,  as  our 
Transactions,  (and  those  of  a  very  recent  period),  give 
evidence  of  how  these  difficulties  have  in  the  times  in  which 
we  are  living  been  overcome.  I  have  no  fear  that  valuable 
mines  in  the  United  Kingdom  will  remain  permanently 
unworked  through  lack  of  skill  and  enterprise. 

There  has  been  in  past  years  something  like  an  oratorical 
competition  amongst  Presidents  of  mining  institutes  with 
regard  to  the  so-called  rapid  exhaustion  of  our  coalfields, 
and  no  doubt  they  are  diminishing  at  a  very  much  greater 
rate  than  would  have  been  deemed  possible  even  a  few  years 
back.  An  output  of  over  200,000,000  tons  per  annum  is  a 
substantial  diminution  of  our  stores  of  black  diamonds,  but 
I  am  by  no  means  a  pessimist  in  this  matter,  and  am  of 
opinion  that  some  few  centuries  will  elapse  before  the  coal- 
fields of  the  United  Kingdom  will  enter  on  the  downward 
grade  so  far  as  the  supplies  are  concerned,  nor  have  I  any 
sjTnpathy  with  proposals  for  restricting  the  output  of  coal 
or  putting  a  tax  on  its  export.     I  hope  the  conditions  which 
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have  made  the  coal  trade  of  the  United  Kingdom  a  great 
factor  in  our  national  welfare  will  continue,  but  at  the  same 
time  I  hope  that  everything  will  be  done  that  is  possible  to 
avoid  waste  in  consumption,  and  to  secure  economy  in  pro- 
duction, and  as  a  commercial  man  I  cannot  help  expressing 
the  hope  that  severe  competition  will  be  avoided,  and  that 
without  improper  combination  such  reasonable  prices  may 
be  obtained  as  will  command  a  reasonable  return  for  the 
capital  embarked  and  skill  employed  in  this  great  industry. 
It  is  not  in  our  power  to  restore  or  renew  any  part  of  the 
nation's  mineral  wealth,  but  it  is  our  bounden  duty  to  see 
the  coal  sold  at  reasonable  prices.  The  signs  of  the  times 
are  that  a  better  feeling  exists  between  employer  and  em- 
ployed, and  is  more  likely  to  grow  than  has  been  the  case  in 
times  past.  This  I  hope  to  see  extended,  as  it  is  conducive 
to  a  better  state  of  things  all  round. 

I  am  quite  aware  that  compared  with  past  Presidential 
addresses  the  remarks  I  have  ventured  to  offer  may  be  con- 
sidered tame,  and  by  some  perhaps  unprofitable,  but  you 
must  bear  in  mind  that  I  am  neither  a  geologist  nor  a 
specialist  in  mining  engineering,  but  one  who  has  been 
identified  with  mining  all  my  business  life,  and  endeavoured 
to  take  a  keen  interest  in  and  promote  where  possible  any- 
thing that  would  benefit  in  any  way  the  mining  community. 
One  influence  of  the  Manchester  Geological  Society  by  its 
papers  and  discussions  is  unquestionably  educational,  and  it 
is  a  matter  for  great  gratification  that  perhaps  more  has  been 
done  in  the  matter  of  special  mining  education  in  Lancashire 
than  in  any  other  county  of  the  United  Kingdom.  It  is 
important  alike  to  efficiency  and  safety  that  both  the 
officials  and  working  element  at  collieries  should  have 
the  opportunity  of  scientific  training  to  assist  and  alleviate 
the  practical  working  of  the  mine.  The  amount  of  scientific 
training  will   vary,  and  while   those  who  have    to    hold 
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responsible  positions  will  receive  it  in  a  higher  degree  it  is 
most  important  that  the  workmen  should  enjoy  it  to  some 
extent  at  any  rate,  more  especially  as  many  of  those  holding 
high  positions  at  collieries  have  risen  from  the  ranks.  The 
city  of  Manchester,  in  which  most  of  our  meetings  are  held, 
is  renowned  for  the  Owens  College,  which  probably  has  no 
superior  within  the  British  realm.  In  the  town  of  Wigan, 
where  also  meetings  are  held  each  year,  after  forty  years  of 
pioneering  by  devoted  spirits,  who  amongst  difficulties  of  the 
most  trying  kind  did  not  know  the  meaning  of  the  word 
"fail,"  active  operations  have  been  commenced  for  the 
erection  of  expensive  and  elaborate  buildings  suitable  for 
mining  and  technical  schools,  and  there  is  every  reason  to 
believe  that  at  the  commencement  of  the  20th  century  the 
officials  and  workmen  of  the  Lancashire  coalfields  will  have 
available  a  mining  and  technical  school  equal  to  all  require- 
ments. I  venture  to  say  for  the  Manchester  Geological 
Society  that  we  recognise  the  valuable  work  which  the 
lead«:*s  of  mining  education  are  doing,  and  wish  them 
success.  I  have  said  nothing  of  the  influence  of  Parliament 
except  a  few  words  at  the  commencement  of  this  address  of 
a  eulogistic  che^racter  referring  to  mining  inspection.  There 
is  little  more  to  be  said  except  that  while  I  fully  and  frankly 
recognise  the  good  which  Parliament  has  done  I  think  our 
legislators  may  well  pause  before  they  spoil  their  work  with 
over  legislation.  It  is  much  easier  to  pass  a  bad  Act  of 
Parliament  than  a  good  one,  and  it  is  most  difficult  to 
remedy  the  effects  of  the  former.  There  is  a  tendency  to 
interfere  where  interference  is  not  only  harassing  but 
dangerous,  and  there  is  no  industry  where  more  efforts  have 
been  made,  and  made  successfully,  to  minimise  the  dangers 
incidental  to  it,  and  to  work  under  the  most  approved  and 
practical  conditions.  I  may  venture  to  express  the  hope 
that  every  encouragement  will  be  given  to  those  who  desire 
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to  accomplish  so  desirable  an  end.  I  must  again  lament  my 
non-ability  to  give  you  such  a  paper  as  the  Society  has  been 
accustomed  to  receive  from  its  Presidents,  but  hope  that  a 
few  plain  thoughts  in  connection  with  what  has  occupied  all 
my  business  life  may  not  be  unacceptable. 


On  the  motion  of  Mr.  Dickinson,  seconded  by  Mr. 
Burrows,  the  cordial  thanks  of  the  meeting  were  given  to 
the  President  for  his  address. 

In  reply  the  President  said  :  I  am  exceedingly  obliged 
to  you,  gentlemen,  for  this  vote  of  thanks.  As  I  before 
said,  I  am  fully  aware  of  the  responsibilities  of  the  office  to 
which  you  have  elected  me,  and  I  felt,  in  making  a  few 
remarks  upon  taking  the  Chair,  that  they  were  different 
from  what  you  have  been  accustomed  to  in  previous  years  ; 
but,  having  done  me  the  honour  of  electing  me,  you  must 
take  me  as  I  am.  I  should  not  think  of  giving  a  paper  on 
geology,  in  the  presence  of  gentlemen  whom  I  see  before 
me  ;  at  the  same  time  my  heart  is  with  you,  and  anything  I 
can  do  to  further  the  interests  of  the  Society  shall  be  most 
gladly  done. 


On  the  motion  of  Mr.  Dickinson,  seconded  by  Mr.  Wells, 
the  best  thanks  of  the  Society  were  given  to  the  retiring 
officers  of  the  Society. 
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LIV.     Nos.  217,  218.  219,  Vol.  LV.    Frm  the  Society. 
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Newcastle-upon-Tyne. — Institution  of  Mining  Engineei*s.     Trans- 
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Stoke-on-Trent. — ^North  Staffordshire  Institute  of  Mining  and 
Mechanical  Engineers.  Proceedings.  Included  in  the  Trans- 
actions of  the  Institution  of  Mining  Engineers.  Ihfm  the 
Institution, 

Truro. — Royal  Institution  of  Cornwall.  Journal.  Part  4,  Vol. 
XIII. 

Wigan.— Science  and  Art  of  Mining.  I^os.  5  to  26,  Vol.  IX. 
Nos.  I  to  3,  Vol.  X. 

Books,  Pamphlets  iiirn  Reports. — Ekglish  and  Forexov. 
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Mines  and  Quanies  for  S.W.  District  for  1397.      London. 
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A  number  of  pamphlets  relating  to  Geological  subjects.     Presented 

hy  Mr   W.  Whitaker,  RIt.S. 
Buried  Bones  about  Liverpool,  and  the  Elephant  in  Cheshire,  by 

G.  H.  Morton,  F.G.S.     Presented  hy  the  Author, 
On  the  Movements  of  Glaciei-s,  by  C.  A.  Lindvall,  Stockholm. 

Presented  hy  the  Author. 
Theory  of  the  Earth,  by  J.  Hutton.     Vol.  III.,  1899.     Presented 

hy  W,  Whitaker,  F,0,S. 
Subsidence  following  Coal  Workings,  by  S.  R.  Kaye.      Presented 

hy  Z.  B.  Wells, 
Year  Book  of  Scientific  and  Learned  Societies  for  1899.   Purchased, 
Description  G6ologique  de  la  Montague  de  Lure,  by  W.  Kilian. 

1886.     Presented  hy  Mrs.  Topley, 
Voyage    Metallurgique    en    Angleterre    par    Dufrenoy,    by    De 

Beaumont.     1837.     Presented  hy  Mrs,  Topley. 
Critique  sur  la  Discours  de  M.  Dupont,  Bruxelles.     Presented  hy 

E,  van  der  Broeck. 
Eastern  Margin  of  North  Atlantic  Basin.     Presented  hy  W.  H. 

Huddlestone,  F.G.S. 
Life  and  Lettei*s  of  Sir  J.  Prestwich,  by  his  Wife.     Presented  hy 

the  Puhlishers. 
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Map  of  Canals  aod  Navigable  Rivers  of  England  and  Wales,  by 

Lionel  B.  Wells.     Prssented  hy  the  Author, 
Geological  Survey  of  Great  Britain. — Explanation  of  Horizontal 

Sections  Nos.  25,  40  to  54,  57,  59,  60,  61,  63  to  72.    Presented 

hy  W.  Whitdker,  F.G.8. 
Report**  of  the  State  Geologist  of  New  York  for  1884'  and  1886. 

Pteeentedhy  W.  Whitaker,  KG. 8, 
Guide  to  the  Museum  of  Practical  Geology,   3rd  edition,  1867 

Resented  by  W.  Whitaker,  F.Q.S, 
Earth  Crust  Movements  and  their  Causes.     J.  Le  Con  to. 

India. 
Calcutta. — ^Memoirs  of  the  Geological  Survey  of  India.     No.  1. 

Vol.  XXVIII. 
Calcutta. — General   Report  of  the   Geological  Survey  of  India. 

1 898-9.     I^om  the  Governor  General  in  Council. 
Calcutta.— Geology  of  India.     Pt.  1.     Corundum  (1898).     From 

the  Geological  Survey, 

AUSTBALIA. 

Adelaide. — Royal  Society  of  South  Australia.  Transactions.  Part  2, 
Vol.  XXII.     From  the  Society. 

Melbourne. — The  Australian  Mining  Standard.  Nos.  513  to  529, 
Vol.  XIV. ;  Nos.  530  to  549,  551  to  555,  Vol.  XV. ;  Nos. 
556,  558-9,  560-1-2,  Vol.  XVI.     From  the  Editor. 

Sydney. — Geological  Survey  of  New  South  Wales  :  Department  of 
Mines.  Records.  Parts  1,  2,  Vol.  VI.  Mineral  Resources. 
Nos.  3,  4,  5.  Memoirs :  Palaeontology.  No.  6.  Ethnologi- 
cal Series.     No.  1.     From  the  Hon.  the  Minister  of  Mines. 

Sydney. — Australian  Museum.     Report  for  1896  and  1898. 

Syney. — Australian  Association  for  the  Advancement  of  Science. 
Vol.  VII.     From  the  Association. 

Canada. 
Halifax,  N.8. — Nova  Scotian  Institute  of  Science.     Proceedings 

and  Transactions.     Part  4,  Vol.  IX.,  2nd  Series.    From  the 

Institute. 
Hamilton. — Hamilton  Association.     Journal  and  Proceedings  for 

1898.     No.  14.     Frtm  the  Association. 
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Ottawa. — Federated  Canadian  Mining  Institute.     Proceedings  for 

1898. 
Ottawa. — Canadian  Mining  Institute.     Journal.     Vols.  I.,  II. 
Ottawa. — Canadian  Mining  Review.     Nos.  9,   10,   11,  12,  Vol. 

XVII.;   Nos.  1,  2,  3.  4,  5,  6,  7,  8,  Vol.  XVIII.     Ihm  the 

Mitor, 
Ottawa. — Geological  and  Natural  History  Survey  of  Canada.    Part 

3,  Vol.  III.     Annual  Report.     From  the  Directory  of  the 

Survey. 
St.  John,   New  Brunswick. — Natural  History   Society  of  New 

Brunswick.    Bulletin  17.    Part  2,  Vol.  IV.    lyom  the  Soeieiy. 
Toronto. — Canadian  Institute.     Proceeding.     Part  6,  Vol.  I.  (New 

Series) ;  Part  7,  Vol.  II.     From  the  Institute. 

U.S.  Amebica. 
Baltimore.— Maryland  Geological  Survey.    Vol.11.    From  the  State 

Geologist. 
Cambridge. — Havaid  College.     Bulletin  of  the  Museum  of  Com- 
parative Zoology.     No.  9,  Vol.  XXXII;  and  Nos.  1,  2,  Vol. 

XXXV. ;  also  Vol.  XXXIII.     Annual  Report  of  the  Museum 

of  Comparative  Zoology  for  1897-8.     From  Alex.  Agauit. 
Chapel  Hill,  N.  Carolina.— The  Elisha  Mitchell  Scientific  Society. 

Journal.     Parts  1  and  2,  Vol.  XIV.     1898. 
Chicago. — ^Field  Columbian  Museum.     Annual  Report  for  1897-8. 

Geological  Series.     Nos.   3  to  6,   Vol.  I.     Zoological  Series. 

Nos.  1 1  to  15,  Vol.  I.     From  the  Museum.' 
Chicago. — Academy  of  Sciences.      Bulletin.      No  2.     And  40th 

Annual  Report. 
Denver. — Colorado  Scientific   Society.      Proceedings.     From  the 

Society. 
Ho'ighton  (Michigan). — Catalogue   of  the  Michigan   College  of 

Mines.     1896-8. 
Indiana.— Department    of    Geological    and    Natural    Resources. 

Annual  Report. 
Indianopolis. — Mineral  Resources.     22nd  Report  (1897). 
Iowa. — G^logical  Survey  of.     Vol.  VIII.     From  the  Director  of 

the  Survey.  ^ 
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Jefferson  City  (Mo.)— Biennial  Report  of  Bureau  of  Geology  and 

Mines  of  Missouri  for  1898. 
Madison. — Wisconsin    Geological   and  Natural  History  Survey. 

Bulletin.    No.  1  and  2.    From  the  State. 
Minneapolis. — ^The  American  Geologist.     Nos.  4, 5,  6,  Vol.  XXII. ; 

Nob.  1,  2,  3,  4,  5,  6,  Vol.  XXIII. ;  Nos.  1,  2,  3,  Vol.  XXIV. 

JhirehMed. 
New  York.— The  American  Museum  of  Natural  History.    Bulletin. 

No.  1,  Vol.  X.,  and  No.  1,  Vol.  XI. ;  also  Annual  Report  for 

1898.     Ihm  the  Museum. 
New  York. — American  Institution  of  Mining  Engineers.     Trans- 
actions.    1898.     Bulletin,  No.  1,  Vol.  XXVII. 
New  York.— Stone.     Nos.  1,  2,  3,  4,  5,  6,  Vol.  XVIII. ;  Nos.  1, 

2,  3,  Vol.  XIX.     Presented  by  the  Publisher. 
Philadelphia. — ^Franklin  Institute.     Journal.     Nos.  4,  5,  6,  Vol. 

CXLVI.;  Nos.  1,  2,  3,  4,  5,  Vol.  CXLVII. ;  Nos.  1,  2,  3,  Vol. 

CXLVIII.     IVom  the  Institute. 
Philadelphia. — Academy  of  Natural  Sciences.     Proceedings.     Part 

2,  1898 ;  Parts  1,  3,  1899.     Drom  the  Academy. 
Philadelphia.— American  Philosophical  Society.  Proceedings.  Nos. 

132  to  169,  Vols.  XXVIII.  to  XXXVIII. 
Rochester. — Geological  Society  of  America.     Vol.  IV.    Presented 

by  Mr.  W.  JFhiiaier,  F.JR.S. 
Rock  Islandy  HI. — ^Mechanical  Composition  of  Wind  Deposits,  by 

J.  A.  Udden.     1898.     69  pp.     Presented  by  the  Augustana 

CoUege. 
Scranton,  Pa.— "Mines  and  Minerals."     Nos.  3,  4,5,  6,  7,  8,  9,  10, 

11,  12,  Vol.  XIX.;  Nos.  1,  2,  Vol.  XX.    From  the  Editwr. 

Washington. — Smithsonian  Institute.     Report  of  the  U.S.  State 

Museum,  1896. 
Washington,   U.S. — Geological    Survey.      Monographs   XXIX., 

XXX.,  XXXI.,  XXXV.     18th  Annual  Report.    Parts  1,  2, 

3,  4,  5  for  1896-7.  1 9th  Annual  Report.  Parts  6  and  6  con- 
tinued. Parts  1,4.  Atlas  to  accompany  Monograph  XXXI. 
Bulletins  88,  89,  149. 
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Foreign. 
Berlin. — Gesellschaft  fiir  Ei-dkunde :    Zeitschrift,   Nos.  4,  5,  6, 

Vol.  XXXIII;   No8.  1,  2,  Vol.  XXXIV.     Verbandlangen, 

Nos.  7,  8,  9,  10,  Vol.  XXV.;   Parts  1,  2,  3,  4,  5,  6,  Vol. 

XXVI.     From  the  Society. 
Borlin. — Zeitichrift    der    Deutschen    Gcologischen    Gesellscbaft, 

Part  2,  3.  4,  Vol.  L. ;  No.  1,  Vol.  LI.     From  the  Society. 
Brussels. — Soci6te  Royale  Malacologique  de  Belgique.      Annales 

1898-9,  and  Vol.  XXXII.,  1899.     From  the  Society. 
Buenos  Ayres. — Museo  JS^acional.     Communicaciones.     Parts  2,  3, 

Vol.  I.     Annales  No.  6. 
Buenos  Ayres. — Annuairis  de  la  Direccion  General  d^  Estadistica. 

Nos.  1,  2. 
Caen. — Societe  Linn^enne   de   Normandie   (5th  Series),   Vol.  I. 

From  the  Society. 
Dresden.— ** 8  Isis,"  July— December,  1896,  January— June,  1898. 

Presented  by  Naturwissenschaftliche  Gesellschaft  Isis. 
Preiburg.—Naturforscbenden  Gesellscbaft,  Bericbte,  1899. 
Gorlitz. — Geognostische  Beschreibung  der  Preussiscben  Oberlausitz 

( 1 857).     Presented  by  the  Manchester  Literary  and  Philosophical 

Society. 
Halle,    A/S. — Kaiserliche   Leopold.    Carol.   Deutsche    Akademie. 

Parts  5,  17-21,  Vol.  LXI.     Leopoldina,  Nos.  33,  34  (1897). 
Halle,  A/S. — Vereins  fur  Erdkunde,  Mittheilungen.      1898  and 

1899.     I^om  the  Society. 
Helsingfors. — Commission  G6ologique  de  la  Finlande.  -   Parts  7, 

8,  Vol.  I.     From  the  Director. 
Helsingfors.— Geografiska  Foreningen  Finland.     Vol.  IV.,  1897-8. 
Iglo.  —  Jahrbuch  des  TJngarischen  Karpathen-Vereines.   No.  XXV., 

XXVI. 
Kazan   (Russia. — La   Societe  des   N"atui*aliste8    de    I'Universite. 

Nos.   2-6,  Vol.  XXX. ;    Nos.   1-6,  Vol.  XXXI. ;   Nos.  1-3, 

Vol.  XXXII. 
Lausanne.— Societe  Vaudoise.      Bulletins,    129,    130,   131,  Vol. 

XXXIV. 
Lille.— Society  Geologique  du  Nord.     Annales,  Vol.  XXVI.,  1897. 
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Mexico. — Sociedad  Cientffica  **  Antonio  Alzate."      Memorias  Y. 

Revista.     Nos.  9,  10,  11,  12,  Vol.  XI.;  I^os.  1,  2,  3,  4,  5,  6, 

7,  8,  Vol.  XII.      Bibliograpbica  Geologica  y  Minera  de  la 

RepubUca  Mexicana 
Madrid. — Boletin  del  Ayantamients  de  Madrid.     No.  97,  Vol.  II. 
Montevideo. — Annales  del  Museo  Nacional.    Jfos.  10,  11,  Vol.  III. 
Naples. — Rendiconti    dell'    Accademia  della    Scienze    Pisicbe   e 

Mathematicbe.     No.  12,  3rd  Series,  Vol.  IV. ;   Parts  1,  2,  3, 

4,  5,  6,  7,  Vol.  V.     From  the  Academy. 
Paris.—Societ^  de  Sp^leogique.     "Spelunca."     Nos.  13,  14,  15, 

Vol.  IV.     From  the  Society, 
Paris. — Societe  Geologique  de  France.    Bulletin.    Vol.  XXV.,  and 

Nos.  1-5,  Vol.  XXVI. 
Pisa. — Society  Toscana  di  Scienze  Naturali.     Memoirs,  Vol.  XVI. 

Atti,  Vol.  XI. 
Rome. — ^Atti    della    Reale    Accademia    dei    Lincei.    Rendiconti. 

Nos.  10,  11,  Vol.  VII. ;   Nos.  1,  2,  3,  4,  5,  6,  7,  8,  9,  10,  11, 

12,  Vol.  VIII. ;   Nos.  1,  5,  2nd  Series,  Vol.  VIII.     From  the 

Academy. 
St.  Petersburg. — Comite  Geologique.      Bulletin.      Nos.  4,  5-10, 

Vol.  XVII.;    Nos.  1,  2,  Vol.  XVIII. ;   also  Supplement  to 

Vol.   XVI.      Memoirs.      No.   1,   Vol.  XVI.;    No.   4,  Vol. 

VIII. ;  No.  3,  Vol.  XII.     From  the  Society. 
St.  Petersburg. — Section   Geologique  du  Cabinet  de  sa  Majeste. 

Part  3,  Vol.  II. ;  Part  1,  Vol.  III. 
St.  Petersburg. — Russ.  Kaiser  Mineralog.  Gesellscbaft.     Verhand- 

lungen.     No.  1,  Vol.  XXXVI. 
St.  Petersburg. — ^L' Academic  Imperiale  des  Sciences.      Bulletin. 

V.  Series,  Nos  2,  3,  4,  5,  Vol.  V ;   Nos.  4.  5,  Vol.  VI. ;   No. 

1,  Vol.  VII.     Memoirs.      No.  2,  Vol  IV. ;   No.  2,  Vol.  VI. 

From  the  Academy. 
Stockholm.— 'Acad6mie  Royalo  Su^doise  des  Sciences.     Series  2, 

Vol.  XXIV. 
Tokyo  (Japan).— Journal  of  the  College  of  Science  of  the  Imperial 

University  of  Tokyo.     Part  2,  Vol.  XI. 
Upsala. — Geological   Institution   of  TJpsala.      Bulletin.      No.   7, 

Vol.  IV. 
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I — England. 

London   British    Association    for   the    Adyancement  of 

Science,  Burling;ton  House,  London. 
British  Museum,  The  Superintendent,  Copyright 

Office. 
British    Museum     labraiy.     Natural    History 

Department,  Cromwell  Road,   Kensington. 
Geological  Society,  Burlington  House,  W. 
Geological  Survey,  Jermyn  Street,  S.W. 
Geologists'     Association,     TJniTersity    College, 

Gower  Street,  W.C. 
Institution  of  Mechanical  Engineers,    Storey's 

Gate,  St.  James'  Park,  Westminster,  S.W. 
Iron  and  Steel  Institute,  28,  Victoria  Street,  S.W. 
Boyal  Institution  of  Great  Britain,  Abemarle 

Street. 
Royal  Society,  Burlington  House,  W. 
Public  Library,  Kensington,  High  Street,  W. 

Manchester The  Manchester  Association  of  Engineers,  Grand 

Hotel,  Aytoun  Street. 
Field  Naturalists'  Society. 
Pree  Library,  King  Street. 
Literary  and  Philosophical  Society,  36,  George 

Street. 
Manchester  Geographical  Society,  16,  St.  Mary's 

Parsonage. 
The  Owens  College. 
Salford  Royal  Museum  and  Library. 

BarmUy Midland  Institute  of  Mining  Engineers. 

Birmingham  . . .  .Free  Library  and  Museum. 

South  Staffordshire  and  East  Worcestershire 
Institute  of  Mining  Engineers,  Colmore 
Chambers,  3,  mwhall  Street. 
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Bradford    Public  Free  Library,  Bradford,  Yorkshire. 

Bristol    Naturalists'  Society,  Clifton. 

Cambridge Geological  Museum,  University, 

University  Library. 

Cardiff    Cardiff  Naturalists'  Society,  44,  Loudoun  Square. 

South  Wales  Institute  of  Mining  and  Mechanical 
Engineers,  Park  Place,  Cardiff. 

ChesUr   Society  of  Natural  Science,  Grosvenor  Museum. 

Chesterfield Chesterfield  and  Midland  Counties  Institution  of 

Engineers  (G.  A.  Lewis,  Secretary,  Albert 
Street,  Derby). 

Cornwall    Royal  Geological  Society,  Penzance. 

Koyal  Institution,  Truro. 

Mining  Association  and  Institute  of  Cornwall, 
Tuckingmill,  Camborne. 

JSssex Essex  Field   Club— to   31st    March,    1900—9, 

Woodgrange  Road,  Forestgate,  Essex — after 
that — Passmore-Ed wards  Museum,  Romford 
Road,  Stratford,  Essex. 

Exeter    Albert  Memorial  Museum. 

Leeds Philosophical  and  Literary  Society. 

Yorkshire  Naturalists'  Union  (W.  D.  Roebuck, 
Esq.,    Hon.    Librarian,    259,    Hyde    Park 
Road,  Leeds). 
Geological  Association,   Mechanics'  Institution, 
Cookridge  Street. 

Leicester Literary  and  Philosophical  Society. 

Liverpool    Free  Library  and  Museum. 

Geological  Association,   Free  Library,  William 

Brown  Street. 
Geological  Society,  Royal  Institution. 
Science  Students'  Association,  Royal  Institution, 

Colquitt  Street. 

Mirfield Yorkshire  Geological  and  Polytechnic  Society, 

Hopton,  Mirfield. 
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yinceaatU-an^T'ynelntidtn.Uon  of  Mining  Engineers. 

North    0f    Engbrnd  Inititate    of   Mining  and 
Mechanical  Engineers. 

NeweaBiU-under-  \  North    Staffordshire   Naturalists'   Pield  Club, 
Lyme )      (W.  Wells  Bladen,  Esq.,  Stone,  Staffordshire). 

Norwich Norfolk  and  Norwich  Naturalists'  Society. 

Oxford    Bodleian  Library. 

Badcliffe  Library. 

North  Shields. . .  .Public  Free  Library. 

RoehdaU Literary  and  Scientific  Society,   105,  Freehold 

Street. 

Southampton  . . .  .Hampshire  Field  Club,  Harley  Institution. 

Stoke-on-Trent  ..North  Staffordshire  Institute  of  Mining  and 
Mechanical  Engineers. 

Warwick    Natural  History  Society. 

Watford,  Herts ,  .JiertfoTdshire  Natural  History  Society  and 
Field  Club,  the  Public  Library,  Watford. 
(Daniel  Hill,  Esq.,  Hon.  Librarian,  Herga, 
Watford,  Herts). 

Wigan    Free  Library. 

Mining  School. 

II. — Scotland. 
Dundee   Free  Library  and  Museum. 

Edinburgh Advocates'  Library. 

Edinburgh  Geological  Society. 

Royal  Society. 

Eoyal  Physical  Society. 

Glasgoto Geological  Society. 

Natural  History  Society. 

Hamilton    Mining  Institute  of  Scotland. 
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III. — ^Ibeuuid. 

Dublin    Boyal  Dublin  Society. 

The  Library,  Trinity  College. 
Belffut    Natural  History  Society,  the  Museum. 

IV. — ^AUSTBALIA. 

Adelaide Royal  Society  of  South  Australia  (W.  C.  Rigby, 

74,  King  William  Street,  Adelaide). 

MeJhiname Geological  Society  of  Australasia,  17a,  Queen 

Street. 
Public  Library  of  Victoria. 
Australian  Association  for  the  advancement  of 

Science. 
Australian      Mining       Standard,       Monahan's 
Buildings,  231-3,  Little  Flinders  Street 

Sydney    Free  Public  Library. 

Boyal    Society    of    New    South    Wales,     37, 

Elizabeth  Street. 
Department    of    Mines. — ^The   Honourable   the 
Minister  of  Mines. 

V. — Canada. 

Scotia              I  ^^^*  Scotian  Institute  of  Science. 
JSdmilton,  Ont.  .  .Hamilton  Association. 
Montreal Library  of  Canadian  Mining  Institute,  Room  4, 

Windsor  Hotel,  Montreal. 
M'Gill  University  (Principal,  Sir  J.  W.  Dawson, 

F.G.S.). 
Ottawa    Geological  Sun-ey  of  Canada   (G.  M.Dawson, 

C.M.G.,  LL.D.,  P.R.S.,  Director,  Museum, 

Sussex  Street,  Ottawa). 
St.  John,  N.B,  .  .Natural  History  Society  of  New  Brunswick. 
Toronto Canadian  Institute,  58,  Richmond  Street,  £. 

VI.—Ikdia. 
Calcutta Geological  Survey  of  India. 
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VII. — TJnited  States. 
Baltimore   The  Maryland  Geological  Survey      (The  State 

Geologist,  John  Hopkins  University). 
Boston     Free  Library. 

^^IS  ^^^^  j  ^®  ^*^*  MitcheU  Scientific  Society. 

Columbus    Ohio,     Geological     Survey    of.       (The     State 

Geologist). 

Denver    Colorado  Scientific  Society,  Denver,  Colorado. 

Indiana Department  of  Geology  and  Xatural  Resources 

(W.  S.  Blatchley,  Esq.,  State  Geologist). 

Illinois    Illinois  Mining  Institute,  Springfield,  111. 

Field  Columbian  Museum,  Chicago. 
Michigan    Minhig^  Mining  School,  Houghton. 

Missouri  \  ^^^^^^  Geological  Survey. 

New  York American  Institute  of  Mining  Engineers  (R.  W. 

Raymond,  99,  John  Street,  New  York  City). 
American  Museum  of  Natural  History,  Central 
Park. 
Philadelphia  ....  Academy  of  Natural  Sciences. 
Franklin  Institute. 
Pennsylvania  Geological  Survey. 
American  Philosophical  Society,   104,  S.  Fifth 
Street. 
Scranton,  Fa.     . .  Editor  of  ''  Mines  and  Minerals." 
Washington    ....Department  of  the  Interior.     U.S.   Geological 
Survey. 
Smithsonian  Institute. 

Wiseonsin Wisconsin  Academy  of  Science,  Arts,  and  Letters, 

Madison. 
Wyoming    Historical  and  Geological  Society. 

VIII. — ^FoBEiGN    Societies. 

Berlin Deutsche  Geologische  Gcsellschaft. 

GescUschaft  fur  Erdkunde.   Wilhelmstrasse,  23, 
S.W. 
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Brusseh Societe  Royale  Malacologique  de  Belgiqne. 

Busnoi  Ayres. . .  .Officiana  Nacional  de  Commercie 

Lilh    Societe  Geologique  du  Nord. 

Christianta Royal  University  of  Norway. 

Dresden Katurwissenschnftliche  Gesellscbaft  Isis. 

Sdlle,  A/ 8 Verein  fiir  Erdkunde. 

Die  Kaiserliche    Leopold.      Carol.      Deutsche 
Akademie  der  Naturforscher. 

HeUingfors La  Commission  Geologique  de  la  Finlande.     Dr. 

J.  J.  Sederholm,  Boulevardsgatan  29. 

IgU),  Hungary    . .  Societe  Hongroise  de  Carpatha. 

Kazan,  Jiussia    ,  .La  Societe  des  Katuralistcs  de  I'TTniversite  de 
Kazan. 

Kteff^  Russia  , ,  • .  La  Societe  des  Naturalistes. 

Lausanne  (iStiisM).  Societe  Vaudoise  des  Sciences  Naturelles. 

Mexico    Sociedad  Cientifica  ''  Antonio  Alzate." 

Naples    Accademia  della  Scienza  Pisiche  e  Mathcmatiche. 

Paris La  Societe  Geologique  de  France. 

Pisa    Societa  Toscana  di  Scienze  Naturali,  Museo  di 

Storia-Katurale. 

Rio  de  Janeiro    .  .Museo  Nacional. 

Rome Reale  Academia  dei  Lincei. 

St,  Petersburg    . .  Academic  Imperiale  des  Sciences. 

Institut  des  Mines.     Comite  Geologique. 

Turin Academic  Royale  des  Sciences. 

IX. — Scientific  Jovbkills,  &c. 
Iron  and  Coal  Trades  Review,  165,  Strand,  W.C. 
Mining  Journal^  446,  Queen  Victoria  Street,  London. 
Colliery  Guardian,  49,  Essex  Street,  Strand,  London. 
Science  and  Art  of  Mining,  27,  Wallgate,  Wigan. 
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l^OTEVBEB,    1899. 


The  Names  of  Honorary  Members  are  printed  in  lialiea. 
*  Members  who  have  compounded  for  the  Annual  Subscription. 


Year  of 
Election. 


Names  and  Addrettet. 


1874 
1884 
1884 
1897 

1898 

1879 
1893 
1878 
1877 

1895 
1878 


1897 
1893 
1895 

1875 

1891 
1897 


Agauitj  Alexander^  Cambridge,  MaBsachuBsctte,  U.S. A. 
Ainsworth,  John,  Colliery  Offices,  Walkden,  Bolton. 
Aldred,  James,  Ball  Hotel,  BAtcliffe. 
Allen,    Edward,    M.E.,    Willow    Bank,   Feel    Causeway, 

Bowdon,  Cheshire. 
Allen,     Robert,     4fi,    Korah    Street,    Lower    Broughton, 

Manchester. 
Arrandale,  John  Thomas,  82,  Brook  House  Street,  Wigan. 
Ashworth,  John,  C.E.,  8,  King  Street,  Manchester. 
Ashworth,  Thomas,  42,  Dcansgate,  Manchester. 
Atherton,  James,  13,  Mawdslcy  Street,  Bolton.     Member  of 

Council. 
Atherton,  H.  Stanley. 
Atkinson,   W.   N.,   H.M.  Inspector  of  Mines,  Barkston, 

Stoke-on-Trent. 

Baker,  Godfrey,  Pendlebury,  Manchester. 

Bancroft,  Egbert  £„  8,  St.  James'  Square,  Manchester. 

Barnes,  J.,F.G.S.,  South  Cliff  House,  301,  Great  ClowesStreet, 

Higher  Broughton.     Member  of  Council.    Son,  Auditor. 
Barrett,  W.  S.,  J.P.,  64,  The  Albany,  Old  Hall  Street, 

Liverpool.     President 
Bell,  Thomas,  J.P.,  15,  The  Valley,  Scarborough. 
Bennett,  F.  F.,  M.I.E.E.,  1 3,  Victoria  Buildings,  Manchester. 
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Year  of 


Kamet  and  Addresses. 


1881 

1898 
1889 
1867 
1880 
1894 
1878 
1886 

1895 
1878 
1877 
1897 

1881 
1878 


1882 
1897 
1887 
1882 
1898 
1894 
1894 
1895 
1878 

1883 

1879 

1862 


Black,  W.  G..  r.R.C.S.    Ed.,    F.G.8.    Ed.,    2,  George's 

Square,  Edinburgh. 
Boden,  Peter,  Butter  worth  Hall  Colliery,  Milnrow,  Rochdale. 
Bolton,  Edgar  0.,  Burnley  Collieries,  Burnley. 
Bolton,  H.  H.,  Newchurch  in  Rossendale,  near  Manchester. 
Bolton,  H.  H.,  jun..  The  Collieries,  Accrington. 
Borrows,  William,  Engineer,  Providence  Foundry,  St.  Helens. 
Bramall,  Ernest,  E.,  Pendlebury  Collieries,  near  Manchester. 
Bramall,  Henry,  M.Inst.C.E.^  Shade  House,  Pendlebury, 

Manchester. 
Brierley,  Brandon  T.,  F.G.S.,  Bellayre,  Lymm,  Cheshire. 
Brocklehurst,  Thomas,  Rumworth  Colliery,  Dean,  Bolton. 
Broeekf  .Ernest  Van  den,  32,  Place  de  Plndustrie,  Brussels. 
Brooks,  The  Hon.  "William,  J.P.,  Crawshaw  Hall,  Rawten- 

stall,  Manchester. 
Brynam,  William,  Douglas  Bank  Colliery,  Wigan. 
Burrows,   John  S.,  F.G.S.,  Green  Hall,  Atherton,   near 

Manchester.    PaaUPresident. 

Caldwell,  George,  Moss  Hall  Collieries,  Wigan. 

Caldwell,  J.  8.,  Westhoughton,  Bolton. 

Campbell,  W.  M.,  Sutton  Heath  Collieries,  St.  Helens. 

Clark,  Oeorge,  Mining  Engineer,  Newton-le- Willows. 

Clark,  Geo.  F.,  Bickershaw  Collieries,  Leigh,  Lancashire. 

Clarke,  Robert,  42,  Deansgate,  Manchester. 

Cole,  Robert  H.,  Endon,  Stoke-on-Trent. 

Coope,  Samuel,  Land  and  Mine  Surveyor,  Famworth, Bolton. 

Cowbum,  Henry,  253,  Westleigh  Lane,   Westleigh,  near 

Manchester. 
Crankshaw,  Joseph,  F.G.S.,  Montcliffe,  Horwich.     Member 

of  Council. 
Crawford  and  Balcarres,   The  Right  Hon.  the   Earl  of, 

Haigh  Hall,  Wigan.     Fast-President. 
Cross,  John,  77,  King  Street,  Manchester. 
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1869  Dawkins,  Professor  W.  Boyd,  M.A.,  F.R.S.,  F.G.S.,  F.S.A., 
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1877     J)e  Ranee,  C.  E.,  F.G.S..  32,  Carshalton  Road,  Blackpool. 

1898     Dickinson,  Archibald,  Bank  Hall  Collier j,  Burnley. 
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1898  Douglas,  Ernest,  Pemberton  Collieric:»,  Wigan. 

1899  Downham,  William,  F.G.S.,  65,  Grenville  Street,  Stockport. 


1898     *Eagle,  George,  Winter's  Buildings,  32,  St.  Ann's  Street, 
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1878     EUesmcre,  the  Right  Hon.  the  Earl  of,  Worsley. 
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1897     EUis,  W.  F.  Wood,  M.InstM.E.,  M.S.A.,  5,  John  Dalton 
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1897     Evans,  Walter,  J.P.,  M.E.,  Royton,  Oldham. 


1880     Fairclough,  William,  Leigh,  near  Manchester. 

1891     Finch,  John,  Hamstead  Colliery,  Great  Barr,  Birmingham. 

1891     Fletcher,  Arthur,  Outwood  Collieries,  Radcliffe. 

1896     Fletcher,  Leonard  R.,  Atherton  Collieries,  Atherton,  Man* 

Chester. 
1868     Fletcher,  Thomas,  Wheatficld,  Bolton-le-Moors. 


1873  Garforth,  W.  E.,  F.G.S.,  Halesfield,  Normanton. 
1893     Garside,  Edward,  B.Sc,   Town  Hall  Chambers,   Ashton- 

under-Lyne. 

1874  Geikie,   Sir  Archibald,  D.Sc,  LL.D.,  F.R.S.,  Geological 
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Erie,  Pennsylvania,  U.S.A. 
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Eoad,  Calcutta,  India. 
Guy,  J.  G. 

Hall,  Henry,  H.M.  Inspector  of  Mines,  Eainhill,  Prescot, 
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(Fumess  Vale  Collieries,  Stockport.) 
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Hallas,  George  H.,  Mining  Engineer,  Huyton,  near 
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Hampson,  Joshua,  31,  Bellott  Street,  Cheetham,  Man- 
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1878  Hollingworth,  George  H.,  F.G.S.,  37,  Cross  Street,  Man- 
chester.    Fice- President,     JSon,  IVeasurer. 
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Macalpine,  G.  W.,  Parkside,  Accriugton. 
McCallam,  Theo.  S.,  C.E.,  4,  Chapel  Walks,  Manchester. 
McGeever,  James,  Garswood  Hall  Colliery,  Wigan. 
Makepeace,  H.  R.,  H.M  Inspector  of  Mines,  Trentham, 
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Marshall,  Herbert  S.,  The  Larches,  Wigan. 
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1893  Matthews,   E.   L.,   Imperial  Iron  Works,    West  Gorton, 
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1896  Matthews,    Thomas,    Artesian    Engineer,    West    Gbrton, 
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1 892     Miller,  Arthur,  Broad  Oak,  Hurst,  Ashton-nnder-Lyne. 
1892     Millington,  W.  W.,  Hardman  House.  HoUinwood,  Oldham. 
1892     ^lills,  David,  Bradford  Street,  Earn  worth. 
1895     Mitton,  A.  Dury,  Oak  wood,  Walkden,  Bolton.     Member  of 

Council, 
1895     Mort,   Arthur,    B.Sc,    Curran    House,    Dungannon,    Co. 

Tyrone,  Ireland. 

1874  Morton,  G.  M.,  F.G.S.,  209,  Edge  Lane,  Liverpool. 

1878     Nail,  Simon,  Newbold,  Rochdale. 

1898     Naylor,  Alfred,  Cotes  Park  Colliery,  Alfreton,  Derbyshire. 

1897  Nelson,   William,  jun.,   Clifton   and  Kearsley   Collieries, 

Clifton,  Manchester. 
1897     Noar,  L.  Lamb,  The  Grove,  Lymm. 


1888     Oliver,  Samuel  A..  King  Street,  Wigan. 

1891  Orchard,  Albert  J.  A.,  Whitehouse,  Nailstown  Colliery, 
near  Leicester. 

1876     Peace,  George,  Monton  Grange,  Eccles.      Viee-Preiidrnt. 

1883     Peace,  George  Henry,  M.Inst.C.E.,  Monton  Grange,  Eccles. 

1897     Pearce,  Charles  H.,  100,  Park  Road,  Bolton. 

1897     *Pickup,  P.  W.  D  ,  Rishton  Colliery,  Rishton,  nr.  Blackburn. 
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1873  Pilkington,  Edward,  J.P.,  Clifton  Collieries,  near  Man- 
chester.    Past-President. 
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1899     PilkingtoD,   Lawrence,    South    Garth,    Eccles    Old  Road, 

Pendleton. 
1877     Place,  W.  H.,  floddleston  Collieries,  Darwen. 
1887     Piatt,  Samuel  Sydney,  M.Inst.C.E.,  F.G.S.,  Moss  House, 

Kings  Road,  Rochdale.     Vice-President. 

1891  Prestwich,    Joseph,   Elm    Bank,    72,    Eccles    Old    Road, 
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1897  I  Reid,  Alexander,  Pover  Collieries,  Dover. 

1897     Richardson,  Isaiah,   Blainscough   Collieries,  Coppull,  near 

Chorley. 
1860     Ridyard,  John,  F.G.S.,  Hilton,  Bank,  Little  Hulton,  Bolton. 
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1893     Rigby,  John,  Highfield,  Winsford,  Cheshire. 

1897  Ritson,  W.  A.,  Crumpsall,  Manchester. 

1889     Robinson,  John,  Haydock  Collieries,  St.  Helens. 

1892  I  Roscoe,  George,  Peel  Hall  Collieries,  Little  Hulton,  Bolton. 

1898  Roscoe,  Thomas,  Peel  Hall  Collieries,  Little  Hulton,  Bolton. 
1895     Rothwell,  Samuel,  Silverwell  Street,  Bolton. 

1895     Ryans,  Joseph,  Colliery  Manager,  Arigna  Minos,  Carrick- 
I       on-Shannon. 


1887  Saint,   William,  H.M.  Inspector  o!  Mines,  Kersal  Bank 
I  Higher    Broughton,    Manchester.      Past-President,      Son 

Secretary. 

1888  Scarborough,  George   Edward,  Colliery  Manager,  Newton 
and  Meadows  Collieries,  Wigan. 

Scholes,  Thomas,  25,  Crosslcy  Street,  Longsight,  Oldham. 


1897 

1887  I  Scott,  Frederick  W.,  Atlas  Works,  Reddish,  near  Stockport. 

1889 

1891 
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Scott,  William  B.,  133,  Manchester  Old  Road,  Middleton. 
Scowcroft,  Thomas,  Redthorpe,  Bromley  Cross,  near  Bolton. 

Member  of  Council, 
Selby,  John  B.,  Atherton  House,  Leigh,  Lancashire. 
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Settle  Joel,  The  Hill,  Aleager,  Stoke-on-Trent. 
Settle,  Miles,  Snow  Hill,  Darcy  Lever,  near  Bolton. 
Settle  William,  Brunswick  House,  Haulgh,  Bolton. 
Shaw,  Alfred,  Bersham  Colliery,  Wrexham. 
Shaw,  David,  Norbury  Moor,  near  Stockport. 
♦Simpson,  W.  W.,  Winkley,  near  Whalley,  Blackburn. 
Slee,  John,  Engineer,  Earlestown. 

♦Smethurst,  William,  F.G.S.,  Brynmair,  Dolgelly,  N.  Wales. 
Smith,    John,    Bickershaw    Collieries,     Westleigh,    near 

Manchester. 
♦Smith,  R.  Clifford,  F.G.S.,  Ashford  Hall,  Bakewell.     Past- 

Freiident, 
Smith,  Sydney  Arthur,  1,  Princess  Street,  Albert  Square, 

Manchester. 
Southworth,  Thomas,  Hindley  Green  Collieries,  Wigan. 
Speakman,  Harry,  Bedford  Collieries,  Leigh,  Lancashire. 
Squire,  J.  B.,  Assoc.M.Inst  C.E.,  Thrale  Hall,  Streatham, 

Surrey. 
Stafford,    Thomas,    King's    Drive,    Heaton    Moor,    near 

Stockport. 
Stirrup,    Mark,    F.G.S.,    High    Thorn,    Stamford    Road, 

Bowdon      Fast' President     Son,  Librarian, 
Stopford,    T.   R.,   Ashton's  Green   Collieries,  St.  Helens, 

Lancashire. 
Sutcliffe,  Richard,  Horbury,  near  Wakefield. 


Tansley,  Springfield  House,  CoppuU,  Chorley. 

Taylor,  William,  51  Park  Road,  Darwen. 

Thom,  John,  Canal  Works,  Patricroft. 

Thompson,  F.  W.,  18,  Wood  Street,  Bolton. 

Thompson,    James,    248,   Chorley    Road,    Westhoughton, 

Bolton. 
Tickle,  James,  Abram  Collieries,  Bickershaw,  Wigan. 
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TimminB,  Arthur,  A.M.LC.E.,F.G.8.,Bridgewater  Foundry, 

Runcorn. 
Tooge,  Alfred  J.,  Hulton  Colliery,  near  Bolton. 
Tooge,  James,  F.G.S.,  A680c.M.InBt.C.E.»  Albany  Chambers. 

Mawdsley  Street,  Bolton.     Fast-PreaidenL 
Tonge,  James,  Jun.,  F.G.S.,  21,  Mawdsley  Street,  Bolton. 

Son,  Secretary. 
*Trafford,  Sir  Humphrey  Francis  de,  Bart.,  18,  Arlington 

Street,  London,  W. 
Travers,  T.  W.,  Mining  Engineer,  Church  Street,  Leigh, 

Lancashire 
Turner,  William,  Wigan  Junction  Colliery,  Abram,  near 

Wigan. 
Turner,  William,  Sherdley  Collieries,  St.  Helens. 


Unsworth,  John,  Scott  Lane  Collieries,  Wigan.     Member  of 
Council. 


Walkden,  Richard,  Colliery  Manager,  26,  Watery  Lane 

Terrace,  Springvale,  Darwen. 
Walker,  T.  A.,  Pagefield  Iron  Works.  Wigan. 
Wall,  Henry,  Rowbottom  Square,  Wallgate,  Wigan. 
Wallwork,   Jesse,    Shakerley  Collieries,   Tyldesley,    near 

Manchester. 
^Walmesley,  Oswald,   2,  Stone  Buildings,  Lincoln's  Inn, 

London. 
Walshaw,  John,  Astley  and  Tyldesley  Collieries,  Tyldesley. 
Walton,  Thomas,  Habergham  Colliery,  Burnley. 
Ward,  Alexander  Haustonne,  Ranigunj,  Bengal,  India. 
Waid,  Thomas,  J.P.,  F.G.S.,  Brookfield  House,  Northwich. 
Watts,  William,  F.G.S.,  34,  Wilkinson  Street,  Sheffield. 

PMt'Pretident. 
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Wells,   Lionel  B.,   MJn8t.C.E.,  5,   John  Dalton  Street, 

Manchester.  Mmber  of  Council. 
West,  T.  E.,  Union  Street,  Oldham. 
Whitaker,   William,  B.A.,  F.R.S.,  F.G.S.,  Freda,  Camden 

Koad,  Croydon. 
Whitehead,    J.    J.,    Bracklyn,   Steven    Street,    Stretfoid, 

Manchester. 
Widdowson,  J.  H.,  19,  Brazenose  Street,  Manchester. 
Wild,  George^  Albert  Street,  Bardsley,  Ashton-under-Lyne. 
Williams,   Sir.  E.  Leader,  M.Inst.C.E.,  Manchester  Ship 

Canal  Company,  King  Street,  Manchester. 
Winstanley  George  H.,  F.O.S.,  42,  Deansgate,  Manchester. 

Hon,  Auditor. 
Winstanley,    Kobert,   C.E.,   42,    Deansgate,    Manchester. 

P(Mt'Pre9idenL 
♦Wood,  Guy. 

Wood,  John,  M.E.,  Barley  Brook  Foundry,  Wigan. 
Wood,   Percy  Lee,    Newtown    Collieries,    Clifton,    Man- 
chester. 
Woodeson,  W.,  57,  Roseneath  Road,  Urmston. 
Woodward,  H.  A. 
Wordsworth,  T.  H.,  New  Moss  Colliery,  Audenshaw,  near 

Manchester. 


SUBSCRIBERS. 

Stechert  &  Co.,  2,  Star  Yard,  Carey  Street,  London,  W.C. 
Eyre  &  Spottiswoode,  5,  Middle  New  Street,  London.  E.C. 


Members  are  requested  to  eommunieate  to  the  Son.  Secretaries  all 
changes  of  address,  also  any  omissions,  or  corrections  required  in  the  list. 


TRANSACTIONS 

OF    THB 

MANCHESTER    GEOLOGICAL    SOCIETY. 

Pabt  XI.  Vol.  XXVI.  Session  1899-1900. 

MEETING    AT    OWENS    COLLEGE. 


A  Special  Meeting  of  the  Members  was  held,  by 
permission,  on  Friday,  November  10th,  1899,  at  the  Owens 
College,  in  conjunction  with  the  Manchester  Field  Club. 

Professor  Boyd  Dawkins,  M.A.,  F.R.8.,  F.G.S.,  in 
the  Chair. 


ON      SUB-OCEANIC     TERRACES     AND      RIVER 

VALLEYS  OFF  THE  COASTS  OF  THE  BRITISH 

ISLES    AND    WESTERN  EUROPE. 

By  Professor  Edward  Hull,  MA.,  LL.D.,  F.R.S.,  F.G.S. 


Our  American  cousins,  the  geologists  and  physicists,  not 
satisfied  with  investigating  the  phenomena  of  their  own  vast 
and  magnificent  country,  have  turned  their  attention  to  the 
ocean  which  boimds  it,  with  a  view  to  determining  the 
nature  of  the  forms  and  features  of  the  sub- Atlantic  and  sub- 
Pacific  floors,  and  the  results  that  they  have  arrived  at  are  of  so 
remarkable,  I  might  say  so  startling,  a  character,  that  when 
I  read  them  in  the  publications,  particularly  those  of  Professor 
J.  W  Spencer,  I  was  so  struck  with  their  interest  and 
novelty,  and  the  great  problems  in  physical  geography  and 
change  of  level  that  they  present,  that  I  determined  humbly, 

11 
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but  with  perseverance,  to  ascertain  whether  on  the  Eastern 
side  of  the  Atlantic  similar  features  under  the  ocean  were 
presented  to  those  which  the  American  geologists  had  found 
on  the  Western  side  of  the  Atlantic.  Now,  what  were  the 
main  features  that  were  discovered  by  means  of  the 
soimdings  along  the  shores  of  North  America,  extending 
southwards  to  past  the  Equator  into  South  America  and 
through  the  West  Indian  islands  P  In  the  first  place,  it  waa 
found  that  from  the  margin  of  the  land  there  extended  out 
to  a  greater  or  less  distance  a  sloping,  shelving  platform, 
breaking  ofi  in  a  steep  descent,  and  then  succeeded  by 
another  platform  that  in  its  turn  was  broken  off  by  a  steep 
descent  or  escarpment  leading  down  to  the  margin  of  the 
abysmal  regions  of  the  ocean,  at  a  depth  of  1,200  or  1,500 
fathoms.  And  not  only  so,  but  these  platforms  and  the 
steep  escarpments  by  which  they  were  bounded  were  found 
to  be  traversed  by  deep  channels  cutting  not  only  through 
the  platforms,  but  down  to  the  very  base  of  the  lowest 
platform  to  where  it  opens  out  on  the  floor  of  the  abysmal 
ocean.  And  it  was  also  found  that  some  of  these  channels 
were  almost  physically  connected  with  the  rivers  coming 
down  into  the  ocean  at  various  points — ^that  one  river 
entered  the  ocean  and  then  was  found  to  be  represented  by 
a  channel  cutting  down  to  a  depth  of  1,200  or  1,600 
fathoms  below  the  surface*  What  coidd  these  channels  be 
but  the  old  river  valleys  before  the  whole  region  was 
submerged  to  the  extent  it  is  now  P  So  interesting  was  this 
subject,  as  I  have  said,  that  I  determined  to  investigate 
whether  we  had  representations  of  these  features  along  the 
coasts  of  the  British  Islands  and  Western  Europe.  Now, 
what  was  the  process  by  which  we  are  able  to  ascertain  the 
form  of  the  ocean  bed  P  We  are  all  familiar  with  maps  on 
which  the  hills  and  valleys  are  represented  by  contour  lines 
— ^lines  traced  at  successive  elevations,  say  one  of  100  feet, 
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another  of  200  feet,  another  of  300  feet,  and  so  on  up 
to  a  thousand  feet  or  more,  and  by  tracing  out  these  lines 
through  a  hilly  and  mountainous  country  you  can  restore  the 
physical  features  with  the  greatest  precision,  and  sometimes 
with  great  beauty,  as  in  the  case  of  the  Cuchullin  Hills  in 
the  West  of  Scotland.  Then,  in  a  similar  manner  we  can 
restore  the  bed  of  the  ocean.  We  take  the  Admiralty 
charts,  which,  I  am  happy  to  say,  throughout  this  region  of 
the  British  Islands,  the  Bay  of  Biscay  and  the  coast  of 
Portugal,  have  a  great  number  of  accurately  determined 
soundings,  and  you  begin  with  your  pencil  to  trace  out  the 
contour  lines,  or  isobathic  lines,  of  equal  depths.  Take  the 
line,  say,  of  100  fathoms :  you  can  trace  that  out  by  means 
of  soundings,  step  by  step,  along  the  whole  coast ;  you  take 
others  of  greater  depth,  down  to  1,200  fathoms,  and  although 
the  soundings  become  somewhat  fewer  as  you  go  out  to  those 
great  depths,  yet  they  are  quite  sufficient,  with  the  aid  of 
those  that  are  nearer  the  land,  and  at  less  depths,  to 
enable  you  to  determine  with  great  accuracy  the  form  of  the 
ocean  bed.  Now,  what  are  the  features  which  we  find  in 
tracing  these  isobathic  lines  ?  First,  we  have  what  has  been 
long  recognised  as  the  British  platform ;  a  platform  sloping 
out  from  the  coast  down  to  the  level  of  about  100  fathoms, 
opposite  the  West  Coast  of  Scotland,  generally  following,  in 
a  rude  manner,  the  contour  of  the  Western  Islands  them- 
selves, but  gradually  deepening  until  when  you  come  to  the 
edge  of  the  Bay  of  Biscay  it  has  gone  down — that  is,  the 
margin  of  the  platform — ^to  a  depth  of  200  fathoms,  and 
that  depth  of  200  fathoms  is  the  accurate  edge  of  the 
Continental  platform  all  the  way  to  the  Straits  of  Gibraltar. 
Now,  this  platform  is  a  sloping  plain — sloping  at  the  average 
rate  about  six  feet  per  mile,  so  when  you  get  to  the  margin 
of  it  you  get  to  the  level  of  the  100  or  200-fathom  contour, 
about  600  to  1200  feet,  and  it  is  perfectly  continuous  all 
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the  way  to  Gibraltar,  and  probably  further.  It  is  repre- 
sented here  (referring  to  the  map)  by  this  200-fathom 
contour,  running  continuously  all  the  way  down  to  the  Straits 
of  Gibraltar.  Now,  that  platform  has  long  been  recognised. 
It  is  no  novelty  on  my  part,  except  that  I  have  been 
able  to  trace  it  with  greater  accuracy  than  you  will  find 
it  on  ordinary  maps,  because  I  have  traced  it  step  by  step  by 
means  of  these  contours.  Now,  this  platform  is  terminated 
by  a  very  remarkable  feature,  represented  in  these  Admiralty 
charts  by  a  coloured  band.  The  region  to  which  I  am  now 
alluding  extends,  at  least  as  far  as  I  have  worked  it,  from 
the  West  of  Scotland — from  the  Rockall  Islands — all  the 
way  down  to  the  Straits  of  Gibraltar,  a  distance  of  about 
1,200  miles.  This  platform,  as  I  have  said,  is  terminated 
along  what  I  at  first  called  "the  great  escarpment" — because 
it  is  often  in  the  form  of  an  escarpment — but,  as  some 
of  my  geological  critic?  took  exception  to  the  term 
"escarpment,"  I  very  unwisely,  I  think,  gave  in,  and 
called  it  "the  great  declivity."  I  do  not  care  by  what 
name  you  call  it ;  the  thing  is  there.  Of  course  in  some 
places  it  is  steeper  than  in  others ;  *  but  when  you  find  in 
this  neighbourhood,  where  the  base  of  the  escarpment  is  at 
the  depth  of  1200  fathoms,  its  contour  is  in  close  proximity 
with  the  top  of  the  escarpment  at  the  edge  of  the  platform, 
at  a  depth  of  only  200  fathoms,  you  can  imagine  what  a 
tremendous  descent  there  is  in  that  space.  It  is  equal  to 
a  descent  of  6000  feet.  I  think  there  are  many  cases 
where  the  escarpment  is  equally  steep^as  in  the  Bay  of 
Biscay.  But  at  any  rate  this  grand  declivity,  or  escarpment, 
is  a  most  remarkable  feature.  We  have  nothing  like  it  in 
Europe,  and  the  only  similar  physical  feature  which  is  to  be 
found  that  I  am  aware  of,  is  the  great  escarpment  on  the 
coast  that  overlooks  the  Gxdf  of  Mexico,  and  extends  into 
the    United    States.     There    you    have   a  similar   feature 
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extending  to  1500  or  1600  miles  into  the  Southern  States  of 
America.  Then,  from  the  base  of  this  escarpment,  which 
descends  at  various  angles  to  the  1200  fathom  contour,  on 
the  West  Coast  of  Scotland — gradually  increasing  its  depth 
until  in  the  Bay  of  Biscay  it  reaches  sometimes  the  1500 
fathoms  contour — ^it  gives  place  to  the  great  abysmal  plain 
of  the  Ocean,  covered  with  the  Globigerina  ooze.  Now  of 
what  is  this  platform  composed  ?  You  will  at  once  under- 
stand that  it  is  covered  to  a  greater  on  less  depth  with 
detrital  matters,  sands,  gravels,  shells,  &c.,  which  have 
been  worn  down  along  the  cUffs  of  the  adjoining  coast,  and 
spread  over  the  floor  of  the  sloping  plain  by  the  tidal  and 
other  currents;  so,  if  there  were  channels  originally 
traversing  that  plain,  the  probabilities  are  that  you  will 
find  them  silted  up  to  a  greater  on  less  extent.  Therefore  it 
is  a  very  remarkable  thing,  that  in  spite  of  this  silting 
which  must  have  taken  place  to  so  great  an  extent  through 
thousands  of  years  you  find  the  remains  of  what  I  am  going 
to  describe  as  old  river  channels  traversing  the  platform. 
The  base  of  this  grand  escarpment  was  formerly  the  margin 
of  the  Atlantic  Ocean  and  this  whole  region  with  its  wide- 
spread table  land — as  it  was  then — and  this  grand  escarp- 
ment, or  declivity,  represents  ancient  Europe  at  not  a  very 
distant  Geological  period.  There  is  no  reason  at  all,  so 
far  as  can  be  seen,  why  this  should  not  have  been  the  margin 
of  an  ancient  land,  where  the  Atlantic  breakers  once  dashed 
against  gigantic  cliffs  several  thousand  feet  in  height.  But 
when  I  come  to  describe  the  most  interesting  feature,  that  is 
to  say  the  old  river  channels  crossing  the  platform,  connected 
in  some  cases  either  inf  erentially  with  existing  streams,  or 
actually  so,  as  in  the  case  of  the  Adour,  and  cutting  down 
through  the  platform  to  the  very  base  of  the  1500  fathom 
contour,  I  think  you  will  admit  that  the  case  is  absolutely 
incontestable. 
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Now   I   must  ask  you  to   suppose,   in   the    first  place, 

that  this  platform    was   land.      That  is  no  great  demand 

upon  your  imagination  because  it  only  involves  the  idea  of  a 

rising  of  600  or  1000  feet.    But  when  this  region  of  the 

British  Islands  was  elevated  into  land  even  to  that  extent  you 

will  understand  that  the  streams  which  drained  the  South  of 

England  and  the  East  of  Ireland,  and  the  West  of  Wales 

and  of  England,  and  the  North  of  France,  must  have  had 

an  outlet  into   the  Atlantic   Ocean.      We   shall   suppose, 

therefore,  that  there  was  a  river  valley  draining  along  the 

Irish  Sea  southwards  and  another  draining  along  the  English 

Channel  westward.     Now  these  rivers  have  originally  been 

indicated  by,  amongst  other  geologists ; — and  principally — 

your  Chairman  this  evening,  Professor  Boyd  Dawkins.     He 

some  time  ago  described  and  mapped  two  important  rivers 

which  drained  the  whole  of  this  region,  one  through  the  English 

Channel  and  the  other  through  the  Irish  Channel,  and  that 

inference  of  his — it  was  partly  inference  and  partly  derived 

from  an  examination  of  the  Admiralty   charts — has   been 

fully  corroborated  by  myself.     I  have  indicated  on  this  map 

what  we  may  call  the  Irish  Channel  river  by  a  blue  broken 

line,  all  the  way,  from  the  centre  of  the  Irish  Channel,  to 

the  margin  of  the  great  declivity.     But  I  think  the  most 

remarkable  one  is  that  of  the  English  Channel,  because  it  is 

actually  preserved  and  indicated  in  the  Admiralty  chart  itself 

under  the  name  of  the "  HurdDeep."  This  Hurd  Deep  is  about 

four  miles  wide,  70  miles  in  length  and  360  feet  below  the 

general  level  of  the  British  platform.     But  it  has  silted  up, 

or  at  any  rate  it  does  not  show   itself  in  the  Admiralty 

charts,  in  either  direction,  for  some  distance.     It  does  not 

show  itself  towards  the  Atlantic  till  you  get  much  nearer  to 

the  declivity;  then  it  is  indicated  by  a  line  of  ever  deepening 

soundings,  going  down  to  the  foot  of  the  grand  declivity  at  a 

depth  of  1000  or  1200  fathoms.     That  river  drained  all  the 
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streams  coming  in  from  the  North  and  from  the  South,  and 
it  seems  to  me  to  have  risen  very  near  to  the  Straits  of  Dover ; 
so  that  the  streams  which  went  out  in  the  opposite  direction 
drained  northwards  into  the  North  Sea  or  the  German 
Ocean.  Now,  going  into  the  Bay  of  Biscay  we  find  several 
rivers  remarkably  indicated  by  the  soundings.  The 
first  which  is  represented  is  the  River  Loire.  For  a  distance 
of  about  60  miles  the  river  itself  comes  down  into  the  sea,  from 
where  the  indications  are  very  slight,  and  sometimes 
absent,  owing,  as  I  think  you  will  admit,  to  the  immense 
amount  of  silt,  sand  and  gravel,  which  is  spread  over  the 
portions  of  the  platform  adjoining  the  land.  But  when  you 
come  to  a  point  about  50  miles  from  the  coast,  then  the 
Channel  of  the  Loire  becomes  very  clearly  defined.  Then 
you  have  a  series  of  soundings  getting  deeper  and  deeper 
below  the  general  level  of  the  platform,  and  opening  out  on 
the  great  declivity.  And  what  is  remarkable  though  it  is  not 
a  solitary  instance ; — there  is  a  double  outlet.  Several  of 
these  rivers  have  double  outlets,  one  slightly  deeper 
than  the  other,  and  both  opening  out  in  the  abysmal 
region.  I  am  not  clear  as  to  the  cause  of  this  double 
outlet ;  but  it  is  characteristic  of  the  Loire,  the  Adour, 
and  other  rivers.  Then,  following  the  margin  of  the 
platform,  there  are  several  indentations  of  the  platform. 
One  (pointed  out  on  the  map)  was  probably  the  outlet  of  the 
Gkronne.  But  when  we  get  to  the  point  where  the  Coast  of 
France  meets  the  Coast  of  Spain,  and  their  range  of 
mountains,  the  Pyrenees,  become  continuous  with  the 
Cantabrian  Highlands,  then  we  have  a  sufficient  instance  to 
enable  one  to  arrive  at  a  general  conclusion  as  to  all  these 
streams.  Here  we  have  the  case  of  the  Adour.  This  river  rises 
on  the  northern  side  of  the  Pyrenees,  and  you  will  observe  that 
in  the  sea  there  is  an  arm  which  goes  to  meet  it  right  up 
from  the  submerged  channel,  and  a  second  arm,  as  shown  on 
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the  chart,  reaching  right  to  the  margin  of  the  land  indicated 
by  the  soundings.  These  are  called  in  the  Admiralty  charts 
La  Fosse  du  Cap  Breton.  Now  the  northern  stream  has 
changed  its  course.  The  existing  stream  enters  the  sea  at 
the  apex  of  the  southern  fosse.  The  northern  fosse  has 
dried  up  and  given  place  to  it.  But  the  fosse  itself  existing 
under  the  waters  of  the  ocean  shows  where  the  river  entered  at 
one  time.  Then  five  or  six  miles  below  the  two  fosses  join* 
and  you  can  trace  the  centre  of  the  channel  step  by  step,  owing 
to  the  great  number  of  soundings  in  the  Admiralty  chart 
there,  all  the  way  down  till  it  enters  the  deep  ocean ;  where  there 
is  also  the  double  outlet.  I  thought  this  case  of  the  Adour  so 
remarkable  and  interesting  that  I  have  had  an  enlarged  plan 
made  of  it,  which  will  be  more  intelligible  to  the  audience. 
(By  references  to  this  map,  Professor  Hull  was  able  to  show 
more  in  detail  the  features  previously  indicated).  There  is 
one  interesting  point  about  the  Adour's  submerged  channel, 
and  confirmatory  of  its  character  as  an  old  submerged  (or  as 
the  Americans  would  call  it,  a  ** drowned")  river  channel. 
It  is  the  existence  of  arms  stretching  out  to  meet  the  existing 
streams  coming  down  from  the  Cantabrian  mountains.  You 
have  in  this  case  of  the  Adour  all  the  characters  of  a  river — 
first  that  of  a  continuous  deeping  of  the  central  channel,  of 
a  widening  of  the  sides,  then  of  the  existence  of  tributary 
streams  coming  down  from  the  neighbouring  lands;  so  that 
all  the  characters  that  belong  to  a  river  are  found  in  this,  and 
some  of  the  other  channels  underneath  the  Atlantic  Ocean. 
Then  coming  to  the  Coasts  of  Spain  and  Portugal  we  continue 
this  investigation  and  examination  of  the  old  channels.  I 
shall  only  refer  to  two  or  three  of  them,  because  time  will 
not  permit  of  doing  more ;  but  any  gentlemen  wishing  to 
examine  this  chart  can  do  so,  and  he  will  see  how  very  clear 
some  of  these  channels  are.  The  platform  itself  is  com- 
paratively narrow  here— only  25  to  60  miles  in  breadth ; 
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but  it  is  penetrated,  and  the  great  escarpment  or  declivity 
by  which  it  is  bounded  is  penetrated  at  various  points  by 
very  deep  channels,  or,  as  the  Americans  would  call  them, 
"canons."  Some  of  these  channels  were  bounded  by  cliffs 
several  thousands  of  feet  in  height.  One  represented  on  the 
chart,  I  have  called  the  Grand  Canon;  and  I  think  I  am 
quite  justified  in  giving  it  that  title.  Anyone  examining  the 
contours  there  will  see  that  the  200  fathoms  contour  is  close 
over  the  1,200  or  1,500  fathoms  contour,  so  there  must  be  a 
tremendous  descent  in  lofty  walls  of  rock,  somewhat  similar 
to  those  of  the  Colorada  region  of  America.  Besides  that  it 
may  be  presumed,  that  owing  to  the  rapidity  with  which 
the  channel  deepens  in  some  places,  there  must  have  been 
some  magnificent  cascades,  rivalling  even  Niagara,  or  those 
of  the  Grand  Canon,  because  it  was  only  by  a  succession  of 
cascades  that  the  channels  could  have  been  deepened  to  1,000 
or  1,600  feet  in  a  short  distance.  Another  river  I  will  call 
attention  to  is  the  River  Tagus — ^it  is  the  most  southerly  of 
those  which  I  have  examined  and  described.  The  submerged 
mouth  of  the  Tagus  comes  very  close  up  to  the  mouth  of 
the  existing  river — within  five  or  six  miles,  in  fact,  of  the 
point  at  which  the  river  enters  the  ocean,  and  where  there 
is  a  great  accumidation  of  sand  and  gravel.  At  the  mouth 
of  the  Tagus  the  old  river  channel  begins  to  make  itself  seen 
by  the  contours,  and  from  that  point  to  the  original  ocean 
margin  we  have  the  channel  remarkably  well  defined. 
At  one  point,  where  you  see  the  200  fathoms  contour, 
there  is  a  descent  from  this  margin  down  to  the  very 
basement  of  the  declivity,  at  a  depth  of  1,200  fathoms — 
a  depth  of  6,000  feet  within  a  very  narrow  space. 
So  you  must  picture  to  yourself  these  submerged  river 
channels  bounded  by  walls  of  several  thousand  feet,  goiug 
out  in  successive  steps — I  do  not  say  they  go  down  by 
one  sheer  descent,  but  going  down  by  successive  steps  of 
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great  height  and  steepness.  Now,  if  you  can  for  a  moment 
picture  to  yourself  the  entrance  to  one  of  these  great  river 
valleys,  such  as  the  Tagus,  or  the  Adour — supposing  the 
whole  of  this  region  to  be  elevated  to  the  extent  of  8,000  or 
9,000  feet  above  the  present  level,  the  ocean  washing  its 
base  on  the  western  face,  the  picture  afforded  by  the  entrance 
to  one  of  those  great  caiions  must  have  been  of  a  very  grand 
and  sublime  character;  but  I  am  sorry  to  say  no  human  eye 
ever  rested  on  the  magnificent  scene. 

Before  proceeding  to  exhibit  by  means  of  the  lantern  a 
series  of  illustrative  diagrams  and  sections,  the  'lecturer 
exhibited  and  explained  several  sections,  including  a  section 
across  the  "Irish  Channel  River,'*  and  a  section  off  the 
West  Coast  of  Ireland,  where  the  platform  runs  out  for 
about  200  miles,  and  then  passes  by  a  declivity  to  the  floor 
of  the  abysmal  ocean.  There  were  also  sections  across  the 
river  channels  at  various  points,  showing  how  characteristic 
they  are  of  true  rivers. 

After  exhibiting  the  lantern  slides.  Professor  Hull  pro- 
ceeded :  Now,  you  will  naturally  inquire,  at  what  geological 
period  do  I  suppose  these  features  were  formed?  I  need 
not  say,  in  the  first  place,  that  it  is  utterly  inconceivable 
channels  such  as  I  have  described  could  have  been  formed 
by  any  natural  processes  under  the  ocean  itself.  Once  a 
river  enters  the  ocean  its  current  is  very  soon  destroyed  by 
the  water  which  it  meets,  and  it  is  incapable  of  channelling 
out  great  valleys  such  as  those  I  have  described,  so  we 
must  suppose  that  when  these  river  channels  were  in  course 
of  formation  the  whole  of  this  region  was  elevated  into  land 
to  the  extent  of  several  thousand  feet  above  the  present 
level.  Now,  as  regards  the  geological  period  at  which  this 
took  place,  it  is  quite  clear  from  one  consideration  that  it  is 
really    comparatively    of    yesterday — most    modern — most 
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recent — ^not  dating  back  certainly  further  that  the  Pleiocene, 
because  these  submerged  river  channels  are  continuous  with 
those  of  the  existing  rivers,  and  you  know  that  all  the 
features  of  the  South  and  East  of  England  have  been 
brought  into  existence  since  the  Eocene,  during  the  Miocene 
and  during  the  Pleiocene  epochs;  so  that  the  channels  which 
have  physical  continuity  with  them  must  be  referable  to  u 
similarly  recent  geological  period.  But  I  go  beyond  that, 
and  I  express  ray  belief  that  these  river  valleys  were  formed 
mainly  at  the  commencement  of  the  glacial  period.  Now, 
consider  for  one  moment  what  would  have  been  the  climatic 
effects  of  elevating  the  Western  part  of  Europe — and  when 
you  elevate  this  Western  part  of  Europe  several  thousand 
feet  you  must  also  elevate  the  region  extending  Eastward, 
and  the  region  over  the  Atlantic.  And  when  as  I  said  that 
the  American  geologists  have  established  similar  features  on 
the  coast  of  America  extending  to  the  Western  shores  of 
the  Atlantic,  then  you  must  come  to  the  conclusion  that  the 
whole  of  the  Northern  Atlantic  Ocean  has  been  elevated 
into  land  several  thousand  feet  above  its  present  level. 
What  would  be  the  effect  on  the  climate  of  this  region 
under  such  conditions?  Surely  it  would  be  to  establish 
glacial  conditions.  You  would  bring  vast  tracts  of  land  into 
the  atmosphere  where  the  cold  would  be  almost  arctic — cer- 
tainly in  the  Northern  portion  of  the  British  Islands,  and 
to  a  certain  extent  also  Southwards  into  Europe  and  the 
Mediterranean  regions.  You  would  be  producing  effects 
which  would  result  in  the  production  of  a  glacial  period. 
And  here  you  have,  I  venture  to  say,  a  very  clear,  simple, 
and  intelligible  cause  for  that  wonderful,  mysterious  period 
which  preceded  the  introduction  of  the  human  race  on  the 
globe,  at  any  rate  in  this  part  of  the  world,  known  as  the 
glacial,  or  post-pleiocene  period,  during  which  our  mountains 
were  covered  with  snow  and  ice,  sending  down  glaciers  to 
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the  plains,  and  scattering  boulders  over  those  plains,  of 
which  you  have  some  magnificent  specimens  in  the  precints 
of  this  College.  Those  great  boulders  were  carried  by  ice, 
either  in  the  form  of  floating  or  land  ice.  At  any  rate,  I 
venture  to  say  that  we  have  in  this  general  elevation  of  the 
North  Atlantic  region,  on  both  sides,  a  simple  and  easily 
intelligible  cause  of  what  we  call  "  the  glacial  epoch." 


The  Chairman  :  I  am  sure,  ladies  and  gentlemen,  it  is 
not  at  all  my  duty  to  do  anything  except  express,  on  my 
own  part,  the  great  pleasure  with  which  I  have  listened  to 
this  admirable  address  by  Professor  Hull.  Mr.  Stirrup  will 
move  a  resolution. 

Mr.  Stirrx;p  :  It  gives  me  indeed  verj^  great  pleasure  to 
be  called  upon  to  propose  a  vote  of  thanks  to  Professor  Hull 
for  his  excellent  address.  Professor  Hull  is  not  a  stranger 
amongst  us.  To  some  here  he  has  been  known  for  many 
years.  When  he  was  stationed  in  Manchester,  on  the 
geological  survey,  he  was  an  honorary  member  of  a  society, 
with  which  I  was  connected,  but  which  is  now  extinct — ^the 
Scientific  Students'  Association — and  I  remember  that  he 
gave  us  generous  help  with  lectures  then,  and  he  has  this 
evening  made  good  a  voluntary  offer,  made  some  few 
months  ago,  to  visit  us  and  give  us  a  lecture  in  Manchester 
again.  The  subject  which  he  has  brought  before  us 
to-night  is  one  of  very  deep  interest,  and  one  which  may 
present  novel  features  to  many  of  you.  It  may  be  new  to 
some  to  leani  that  this  earth  is  not  the  steady  body  they 
may  have  imagined,  but  that  it  has  had  fits  of  elevation  and 
fits  of  depression,  such  as  are  depicted  by  the  soimdings 
marked  on  these  charts  on  the  wall.  But  there  is  one 
thing,  I  think,  which  the  Professor  has  not  explained,  and 
I  do  not  know  whether  any  one  is  able  to  explain  it,  that  is, 
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the  cause  of  these  uprisings  and  depressions  of  the  land,  and 
these  interchanges  of  land  and  sea.  We  do  not  seem  to 
have  grasped,  as  yet,  the  primum  mobile,  or  the  cause  of 
these  changes ;  but  they  occur,  and  have  occurred,  ever 
since  the  world,  as  we  know  it,  came  into  being.  There  are 
many  other  problems  connected  with  the  subject,  there  is 
the  one  which  Professor  Hull  concluded  with — ^he  considers 
that  he  has  discovered  the  true  cause  of  the  glacial  epoch. 
But  Sir  Eobert  Ball,  the  eminent  astronomer,  has  found 
another  "true  cause,"  which,  however,  does  not  seem  to 
agree  with  recognised  geological  data,  but  which,  as  the 
witty  Professor  says,  is  so  much  the  worse  for  geology.  I 
think  there  is  much  more  evidence  in  favour  of  the  theory 
which  Professor  HuU  has  advanced  this  evening.  I  have 
very  great  pleasure  in  moving  that  the  best  thanks  of  this 
meeting  be  given  to  Professor  HuU  for  his  excellent 
address. 

Mr.  Joseph  Dickinson  said :  I  have  very  great  pleasure 
in  seconding  the  motion  of  Mr.  Stirrup — that  our  best 
thanks  be  given  to  Professor  HuU  for  the  very  interesting 
and  able  address  he  has  given  us.  I  think  it  is  nearer 
forty  years  than  thirty  (as  stated  by  Mr.  Stirrup)  since  I 
first  knew  Mr.  HuU  come  amongst  us;  he  was  then  an 
experienced  geologist,  and  he  had  commenced  laying  down 
the  geology  of  the  coalfields  of  Lancashire,  which  in  the 
Geological  Maps  has  proved  of  so  much  service  to  the 
mining  community,  and  others.  You  have  heard  his 
address  to-night.  He  is  now  in  his  fuU  maturity.  He 
was  an  able  geologist  then ;  he  has  had  forty  years' 
experience.  No  one  can  complain  of  any  loss  of  originaUty 
on  his  part.  We  may  not  aU  be  educated  up  to  what  he 
has  laid  before  us  this  evening,  but  he  has  given  us  food  for 
reflection  in  laying  down  these  river  channels  beneath  the 
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ocean,  and  the  contour  lines  off  the  coast  of  Europe  and 
extending  to  500  or  more  miles  to  the  West.  I  have  much 
pleasure  in  seconding  the  vote  of  thanks  to  my  old  friend, 
Professor  Hull. 

The  resolution  was  passed  with  acclamation. 

Professor  Hull,  in  responding,  said :  It  is  a  great 
pleasure  to  me  to  receive  such  a  warm  vote  of  thanks.  The 
subject  is  one  on  which  I  am  a  bit  of  an  enthusiast,  and 
every  enthusiast  likes  to  propagate  his  opinions,  whether 
they  are  good,  bad,  or  indifferent.  But  I  venture  to  think 
that  my  opinions  are  good,  therefore  I  am  the  more  eager  to 
propagate  them,  particularly  among  my  old  friends  and 
colleagues  of  Manchester.  I  never  look  back  to  the  time 
when  I  was  stationed  here,  on  the  Geological  Survey, 
without  feelings  of  pleasure  and  interest.  I  knew  nearly  all 
your  great  scientific  men  in  Manchester ;  they  were  personal 
friends  of  mine — ^Angus  Smith,  Dr.  Joide,  Mr.  Baxendell, 
and  others,  who  were  the  shining  lights  of  the  Literary  and 
Philosophical  Society  of  Manchester.  I  will  only  say  that 
I  am  amply  rewarded  for  coming  here  by  the  audience,  the 
intelligent  audience,  which  I  have  had  the  pleasure  of 
addressing,  by  the  hearing  they  have  given  me,  and  I  may 
say  by  the  extent  to  which  they  have  fallen  in  with  my 
views.  That,  I  assume — though  I  do  not  know — ^is  a  fact. 
I  hope  it  is. 

Mr.  Stirrup  then  took  the  chair,  and  called  upon 
Mr.  Bailey  to  move  a  resolution. 

Mr.  Charles  Bailey  rose  and  said:  Perhaps  it  is 
because  I  belonged  to  that  group  of  old  students  to  whom  the 
lecturer  referred  that  I  have  been  asked  to  say  a  few  words 
to-night,  in  submitting  a  resolution.  But  another  word  of 
thanks  to  Professor  Hull  may  be  permitted  for  the  extremely 
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able  lecture  he  has  given  us.  His  subject  has  a  close 
connection  with  commercial  life,  because  that  life  depends 
largely  upon  the  good  bedding  of  our  telegraph  cables. 
From  the  graphic  description  Professor  Hull  has  given  of 
that  wonderful  escarpment  which  is  situated  off  the  western 
coast  of  our  islands,  as  well  as  of  France  and  Spain,  it  is 
clear  that  a  great  deal  of  mischief  may  have  been  done  in 
the  past  by  laying  the  cables  in  wrong  channels  and  letting 
them  hang  over  submarine  chasms,  or  rest  upon  the  sharp 
ridges  of  the  escarpment.  Professor  Hull  having  shown  us 
the  old  river  channels,  and  where  the  cables  could  best  be 
laid,  illustrates  the  service  which  the  man  of  science  renders 
to  the  man  of  commerce.  My  resolution  is  that  we  thank 
Professor  Boyd  Dawkins  for  his  ability  in  the  chair  to- 
night. He  is  an  ideal  chairman ;  he  did  not,  as  so  many 
would  have  done,  give  us  in  advance  the  substance  of  what 
the  lecturer  had  to  say :  for  that  reticence  we  thank  him, — 
we  like  to  get  the  facts  direct  from  the  fountain  head.  Well, 
that  endears  Professor  Dawkins  to  us — besides  other 
things.  Another  part  of  the  resolution  is  not  less  important 
than  that  already  indicated,  namely,  that  we  thank  Principal 
Hopkinson  for  his  kindness  in  allowing  us  to  meet  in  this 
room  to-night;  he  has  done  himself  and  the  College  an 
honour  in  permitting  so  able  a  lecturer  as  we  have  listened 
to  to-night  to  address  an  audience  here.  I  therefore  propose 
that  our  hearty  thanks  be  given  to  Professor  Boyd  Dawkins 
and  Principal  Hopkinson. 

Mr.  C.  E.  De  Eance  said :  I  have  very  great  pleasure  in 
seconding  the  motion  of  Mr.  Bailey  for  many  reasons — ^first 
of  all,  because  the  lecturer  to-night  was  the  officer  of  the 
Geological  Survey  who  was  commissioned  by  our  old  chief, 
Sir  Andrew  Ramsay,  for  the  survey  of  this  very  county.  I 
have  also  great  pleasure  in  seconding  it  because  I  happen 
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to  be  an  Honorary  Member  of  this  Manchester  Geological 
Society.  With  this  membership  I  have  always  been  pleased, 
because  it  has  done  me  many  a  service,  one  of  which  is 
that  it  has  enabled  me  to  hear  this  exceedingly  able  lecture 
given  by  my  old  friend  and  ex-colleague,  Dr.  Hull.  I 
cordially  agree  with  what  Mr.  Bailey  said — that  we  all  owe 
our  thanks  to  the  Principal  of  Owens  College  for  allowing 
the  use  of  this  room,  and  I  also  agree  with  him  that 
Professor  Dawkins  makes  an  ideal  Chairman. 

The  resolution  was  carried  unanimously. 

Principal  Hopkinson  briefly  responded,  remarking  that 
he  quite  agreed  with  Mr.  Bailey  that  it  was  a  benefit  to  the 
College  to  hear  lectures  within  its  walls  such  as  that  which 
had  been  given  by  Professor  Hull,  and  to  welcome  back  one 
who  was  so  well  known  to  the  scientific  men  of  Manchester 
almost  a  generation  ago.  It  was  also  a  benefit  to  the  College, 
as  well  as  to  themselves  personally,  to  welcome  those  in  the 
town  of  Manchester  who  were  interested  in  scientific  work. 
The  lecture  they  had  heard  had  been  an  instructive  one, 
and  on  the  controverted  point  upon  which  the  Professor  had 
touched  the  evidence  he  had  brought  forward  seemed — to  a 
lawyer's  mind  at  any  rate— absolutely  convincing. 
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The  Ordinary  Meeting  of  the  Members  was  held  on 
Tuesday,  November  14th,  1899,  at  the  Society's  Rooms, 
Queen's  Chambers,  5,  John  Dalton  Street,  Manchester. 

Mr.  J.  S.  Burrows,  in  the  absence  of  the  President, 
in  the  Chair. 


NEW  MEMBERS. 


The   following   gentlemen   were   balloted   for   and   duly 
elected  members  of  the  Society  : — 

Mr.    Richard   Leah,    Smedley   Road,    Cheetham,   Man- 
chester. 
Mr.  Samuel  B.  Bexxett,  60,  Gloucester  Road,  Urmston. 
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PIT  PROPS  AND   THEIR  SETTING. 
By  Mr.  Joseph  Dickinson,  F.G.S. 


CONTENTS. 
I.   OutKne. 
II.   Authorities  on  the  physical  properties  of  wood. 

III.  Ditto      on  propping  mines. 

IV.  Deductions  {a)  properties  of  wood. 

Ditto       (b)  setting  props. 

Ditto       (c)  comparative   tables  of  the  strength 
of  pit  woods. 


I.— OUTLINE. 

The  date  when  mining  began  is  unknown.  The  first 
working  of  minerals  would  be  upon  surface  deposits  and 
outcrops  and  become  gradually  extended  underground. 
Propping  the  groimd  would  soon  follow.  The  use  of  metals 
is  known  to  be  very  old.  Genesis  records  good  gold  being 
found  on  land  at  the  earliest  date  to  which  it  traces  the 
lineage  of  the  Jews  6903  years  ago,  and  an  instructor  of 
artificers  in  brass  and  iron  5774  years  ago.  The  Book  of 
Job  also  at  the  still  very  remote  period  of  about  3419  years 
ago,  describes  the  finding  of  placer  or  alluvial  gold  and  the 
mining  of  ores,  mentioning  mining  dangers  including  those 
from  stones;  but  unfortunately  (especially  in  the  revised 
version)  the  translators  seem  to  have  found  difficulty  in 
interpreting  the  technical  mining  terms  of  the  ancient 
language. 

Long  after  this  comes  Agricola,  343  years  ago;  and 
afterwards  a  long  list  of  authorities  on  the  strength  and  best 
methods  of  setting  props. 

Every  ordinary  kind  of  timber  has  been  tested.  Straight 
grown  light  woods  have  been  preferred  for  propping,  yet  in 
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their  absence  logs  have  been  split  or  sawn  into  suitable  sizes 
and  used;  and  for  building  supports,  called  chocks  and  cogs, 
either  hardwood  sawn  into  blocks,  or  props  or  the  remains 
of  broken  props  have  been  used. 

The  home  supply  of  suitable  props  being  inadequate,  large 
quantities  are  imported,  notably  from  the  Baltic  ports. 

With  the  present  experience  it  is  considered  that  generally 
ordinary  danger  from  falls  of  ground  may  be  guarded 
against,  and  that  almost  any  loose  or  broken  ground  may  be 
securely  timbered  through.  Yet,  notwithstanding  all  that 
has  been  done,  some  diversity  of  opinion  remains  as  to  the 
strength  of  common  prop  wood  and  as  to  one  point  in  the 
system  of  setting  props. 

In  hopes  of  reconciling  these  remaining  discrepancies  this 
monograph  was  begun  some  time  ago,  but  was  laid  aside 
when  the  account  of  Professor  H.  Louis's  experiments  on 
actual  pit  props  introduced  further  differences.  The  subject 
at  present  being  however  so  puzzling  to  the  student,  it  is 
now  taken  up  again,  trusting  that  discussion  by  this  Society 
will  help  in  bringing  about  definite  conclusions. 

For  this  purpose  it  seems  best  in  the  first  place  to  quote 
from  a  few  of  the  authorities  on  the  strength  of  timber  and 
on  the  setting  of  props,  and  to  follow  with  a  few  deductions 
and  comparisons.  In  so  doing  the  casing  of  shafts  and 
arching  main  entrances  will  not  be  touched  upon,  but  only 
timbering  roadways  and  working  faces. 

n.— AUTHORITIES  ON  THE  PHYSICAL  PROPERTIES 
OF  WOOD. 

Thomas  Young,  M.D.,  1807. 

According  to  this  comprehensive  repiint  in  two  demy 
quarto  volumes  of  a  course  of  lectures  delivered  a  century 
ago  on  Natural  Philosophy  and  the  Mechanical  arts  before 
the  Royal  Institution  of  Great  Britain,  it  is  evident  that 
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long  before  that  time  the  passive  strength  of  materials  of  all 
kinds  used  in  the  mechanical  arts  had  been  carefully 
investigated.  The  author  of  the  work  although  he  knew 
Newton's  rule  that,  "in  philosophising  no  more  cases  are  to 
be  admitted  as  existing  in  nature  than  are  true  and  sufficient 
for  explaining  the  phenomena  to  be  considered,"  yet  in 
relation  to  timber  alone  he  mentions  by  name  22  different 
authorities  between  the  years  1665  and  1797  from  whom  he 
quotes. 

The  principal  effects  of  any  force  acting  on  a^  solid 
body  had  then  been  reduced  to  seven  denominations : — 
compression,  detrusion,  flexure,  alteration,  torsion,  extension, 
fracture. 

Experiments  had  been  made  with  machines  capable  of 
measuring  the  tensile  and  compressing  strains,  a  drawing 
of  one  of  which  is  given  among  the  numerous  plates,  the 
forces  being  indicated  by  a  graduated  steelyard. 

The  size  and  construction  of  this  machine  were  such  as  to 
admit  substances  of  moderate  length  for  tensile  tests,  and  of 
much  larger  pieces  than  one  inch  cubes  for  compression. 
Possibly  small  pieces  were  used,  and  the  samples  may  or 
may  not  have  been  selected.  The  text  sets  forth  that  the 
testing  of  columns  was  restricted  by  the  limited  magnitude 
of  the  machines  and  edifices. 

There  was  not  any  easy  mode  of  detecting  flaws  in  a  bar 
of  iron.  Stone  when  beginning  to  give  way  threw  off  small 
splinters,  and  was  said  to  be  capable  of  supporting  by  much 
the  greater  weight  when  placed  in  the  same  position  with 
respect  to  the  horizon  as  that  in  which  it  was  found  in  the 
quarry. 

As  TO  WOOD,  the  principal  conclusions  arrived  at  were  : — 

The  strength  of  the  various  woods  in  bearing  pressure 
was  often  taken  at — Alder,  asp,  birch,  white  fir,  willow 
6000   lbs.    per   square  inch ;    larch   6200 ;    beech,    cherry, 
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hazel,  basel  6666  ;  red  fir,  holly,  elder,  plane,  apple  7000  ; 
thorn  7500 ;  elm,  ash  8500 ;  box,  yew,  plumtree,  oak 
11000.  These  results,  however,  differed  materially  from 
others. 

The  strongest  wood  of  each  tree  is  not  in  the  middle,  but 
between  the  circumference  and  the  centre,  and  generally  in 
Europe  the  south  east  side  is  thicker  than  the  north  west 
side. 

Wood  becomes  stronger  when  dry. 

With  partial  compression  and  extension  insufficient  to 
alter  the  structure,  strength  remains  imafPected. 

When  the  forces  are  such  as  to  cause  a  creaking  noise  or 
in  any  way  produce  alteration  of  structure,  the  strength 
becomes  much  weakened;  although  the  wood  may  still 
retain  strength  enough  to  be  of  service  for  some  purposes. 

The  crushing  strength  is  generally  much  less  than  the 
tensile  strength  ;  and  the  transverse  strength  is  from  7  to 
20  times  weaker  than  in  the  direction  of  the  fibres. 

Fir  suspends  much  less  weight  than  oak,  but  oak  even 
when  externally  straight  supports  less  than  fir. 

The  strength  in  resisting  compression  is  liable  to  great 
Tariation. 

With  columns  or  rods  exposed  to  longitudinal  forces, 
flexure  or  bending  is  the  most  usual  manner  in  which 
fractiu'e  is  produced.  Soft  and  green  wood  fails  first  on  the 
concave  side ;  but  hard  and  seasoned  wood  fails  first  on  the 
convex  side.  This  was  attributed  either  to  the  want  of 
external  straightness,  or  to  the  internal  structure  of  the 
fibres  causing  the  superficial  parts  on  the  convex  side  of 
hard  woods  to  become  most  extended  and  give  way  first,  but 
the  reverse  with  soft  and  green  woods.  It  was  undoubted 
that  some  of  the  irregularities  were  occasioned  by  the 
difficulties  of  applying  the  forces  precisely  at  the  extremity 
of  the  axis. 
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The  experiments  also  showed,  at  least  with  comparatively 
small  forces,  that  with  uniformly  elastic  substances  the 
measure  of  compression  produced  by  certain  weights 
increased  very  nearly  in  ratio  with  the  increases  of  weight. 
And  that  the  same  weights  acting  in  a  contrary  direction 
elongated  the  substance  in  the  same  ratios,  the  compression 
and  extension  by  the  same  weights  being  equal.  For 
ordinary  substances  this  was  taken  to  extend  to  one  half. 
But  very  elastic  substances,  such  as  gum,  were  exceptional. 
With  these  elastic  substances  thie  force  capable  of  com- 
pressing them  to  half  the  length  usually  elongates  them  to 
many  times  their  length.  According  to  this  analogy,  the 
elasticity  of  any  ordinary  substance  was  expressed  by  the 
height  and  corresponding  weight  of  a  column  of  the  same 
substance,  denominated  the  modulus  of  its  elasticity.  This 
measure  was  then  considered  to  be  sufficiently  confirmed  by 
experiments  as  a  good  approximate  measure.  (See  tables  IVc.) 

Adcock,  1843. 

In  1843,  Adcock  in  his  '  Engineers  Pocket  Book',  quotes 
from  authors  and  gives  other  information  as  to  specific 
gravities,  weights,  and  forces;  detailing  tensile  strength  as 
that  "necessary  to  tear  woods  &c.  asunder  when  pulled  in 
the  direction  of  their  length;"  also  certain  rules  for  finding 
lateral  and  transverse  strengths  to  bear  a  given  weight  in 
the  middle;  and  as  to  crushing  strengths  he  recites  the 
proportional  rates  given  by  Dr.  Young. 

Templeton,  1847. 

In  1847,  Templeton,  in  his  *  Engineers  and  Contractors 
Pocket  book  remodelled  and  improved,'  gives  from  Tredgold 
&c.,  specific  gravities,  weights,  transverse  strength  or 
resistence  to  lateral  pressure  when  loaded  in  the  middle, 
cohesive  force,  comparative  stiffness  strength  and  resiliance. 
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weight  of  the  modulus  of  elasticity  but  without  the 
corresponding  height  of  a  column  of  the  substance,  &c. 

In  a  note  he  explains  certain  of  the  terms  used.  ResiUance 
or  toughness  is  strength  and  flexibility  combined,  hence  any 
substance  which  bears  the  greatest  load  and  bends  the  most 
at  the  time  of  fracture  is  the  toughest.  A  hard  substance  is 
that  which  yields  least  to  any  stroke  or  impressive  force,  the 
degree  of  yielding  in  uniform  substances  being  always  pro- 
portional to  the  weight  of  their  modulus  of  elasticity — the 
modulus  of  elasticity  being  the  measure  by  which  the 
comparative  stiffness  of  substances  may  be  ascertained. 
The  modulus  for  oak  is  1,714,500  lbs.,  and  for  cast  iron 
18,400,000  lbs.,  or  10*7  times  that  of  oak;  therefore  a  piece 
of  cast  iron  is  10*7  times  as  stiff  as  a  piece  of  oak  of  equal 
dimensions  and  bearing. 

See  details  in  the  tables  (IVc.) 

MOLESWORTH,    1899. 

This  useful  little  Pocket  book  of  '  Engineering  formulee  ' 
has  now  in  1899  attained  its  24th  edition.  Since  the  first 
appearance  in  1862  various  emendations  have  been  made 
and  new  information  added.  In  relation  to  timber  are 
given: — ^the  weight  which  the  respective  kinds  will  bear 
without  permanent  alteration,  crushing  weights,  tensile 
strength,  transverse  strength,  specific  gravity,  weight  of  a 
cubic  foot,  weight  of  a  cubic  inch,  and  the  weight  of  the 
modtdus  of  elasticity.  To  some  of  the  formulsD  extended 
and  amended  explanation  is  now  given,  for  which  many 
tyros  will  be  thankful. 

In  Molesworth's  early  editions  the  transverse  breaking 
weight  was  represented  as  the  force  necessary  to  break  a 
bar  one  inch  square  projecting  horizontally  one  inch  beyond 
the  point  of  support,  the  weight  being  applied  at  the  outer 
end.  That  representation  is  now  withdrawn.  The  height 
of  the  colimm  of  the  modulus  of  elasticity  given  in  the 
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early  editions  is  also  withdrawn,  and  now  only  the  weight 
corresponding  with  the  height  is  given,  and  that  as  usaal  in 
round  numbers.  His  definition  of  the  extreme  limit  of  the 
modulus  differs  from  that  given  by  Dr.  Young.  Molesworth 
instead  of  terminating  it  half  way  carries  it  on  to  zero.  He 
also  puts  it  as  the  force  that  would  lengthen  a  bar  of 
certain  section  to  double  its  length  or  compress  it  until  its 
length  became  zero.  He  also  gives  a  rule  for  calculating 
the  alteration  in  length  due  to  any  force  less  than  the 
modulus,  and  a  rule  to  find  the  compression  or  extension  of 
any  body  within  its  limits  of  elasticity. 

Some  of  his  conclusions  for  judging,  storing,  and  treating 
timber  are  : — The  slower  the  growth  of  the  tree,  as  shown 
by  narrower  annular  rings,  the  better.  In  resinous  timber, 
that  with  the  least  resin  in  the  pores  is  strongi»st  and  most 
durable.  In  non-resinous  timber,  that  with  least  sap  or 
gum  is  best.  In  stacking,  the  but-end  should  be  down- 
wards, and  the  butt  exposed  to  the  action  of  the  air.  It 
should  be  seasoned  before  it  is  used.  If  a  desiccating 
chamber  be  used,  for  every  3  cubic  feet  of  air  in  the 
chamber,  1  cubic  foot  of  air  per  minute  should  be  supplied — 
at  a  temperature  of  100'"  Fahr.  for  hard  wood  in  logs,  and 
120"  for  pine.  Proper  creosoting  about  doubles  the  life  of 
wood  sleepers  Impregnation  with  metallic  salts  has  not  in 
all  cases  been  satisfactory.     See  tables  (IVc.) 

Professor  Henry  Louis,  M.A.,  1897-99. 

The  details  of  these  recent  tests  of  the  weight  which  actual 
pit  props  will  bear  are  given  in  the  Transactions  of  the 
Institution  of  Mining  Engineers  Volumes  15  and  17,  a  copy 
of  which  is  in  the  library  of  the  Manchester  Geological 
Society  and  will  well  repay  careful  perusal.  The  first  series 
of  experiments  consists  of  191  props  of  Baltic  red  and  white 
softwood,  larch,  and  Scotch  fir;  and  the  latter  series  of  oak. 
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The  following  is  a  brief  summary  of  some  of  the  proceedings 
and  results. 

Before  testing,  the  end  of  each  prop  was  carefully  squared. 
The  length  of  the  props  varied  from  12  to  66  inches,  and  the 
minimum  diameter  of  the  smaller  or  top-ends  from  2*35  to 
6*10  inches.  The  breakages  of  the  Baltic,  larch,  and  Scotch 
were  63  per  cent,  by  buckling  or  flexure,  252  by  crushing, 
and  12]^  by  shearing  or  breaking  off  slantways.  All  the  oak 
props,  7  in  number,  broke  by  flexure. 

The  average  breaking  weights  in  pounds  per  square  inch 
of  area  of  certain  of  the  props,  as  shown  in  the  accompanying 
tables  were: — Baltic  red  and  whitewood  props  3835  lbs., 
ditto  creosoted  3434  lbs.,  ditto  salted  3555  lbs.;  larch 
3587  lbs.,  ditto  salt^  3777  lbs.;  Scotch  2521  lbs.,  ditto 
creosoted  2614  lbs.     Oak  2186  lbs. 

The  tables  show  that  the  strength  of  each  kind  of  wood 
varied  very  considerably  between  the  maximum  and 
minimum.  So  likewise  did  the  ratios  of  strength  to  age  of 
growth  shown  by  the  annular  rings.  But  variations  of 
strength  according  to  the  diameter  and  length  of  props  were 
not  discernible  from  the  ordinary  variations.  The  strength 
of  creosoted  and  salted  props  also  varied. 

Beroinspector  C.  Duttixg,  1898. 

The  experiments  made  by  Herr  Diitting  at  Eonig  colliery, 
Neunkirchan,  as  described  in  a  paper  read  by  him  before  the 
Munich  Bergmannstag,  comprised  numerous  tests  made  by 
machine  with  actual  pit  props.  The  woods  tested  were 
chiefly  beech,  fir,  pine,  and  oak.  The  length  of  the  props 
varied  from  39  to  99  inches,  with  an  average  diameter  of  a 
little  more  than  5  inches,  the  average  area  being  20  square 
inches.  The  breakage  weight  of  these  woods  when  dried 
averaged,  in  lbs.  per  square  inch  of  area — ^beech  3627,  fir 
3385,  pine  2958,  oak  (the  same  as  pine)  2958. 

12a 
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Nearly  all  the  props  broke  by  flexure.  Fir  gave  most 
warning  by  crackling,  then  pine;  beech  and  oak  gave  least. 

For  durability  in  return  ciirways,  pine  showed  best,  then 
fir;  beech  being  bad,  and  oak  worse. 

Other  woods  were  also  tested;  hornbeam  did  not  prove 
strong;  birch  proved  stronger  than  beech,  and  acacia  similar 
to  fir. 

Mr.  George  L.  Kerr^  1898. 

In  a  paper  read  before  the  Mining  Institute  of  Scotland, 
on  timbering  and  supporting  underground  workings/ 
(Trans.  Inst.  M.E.,  Vol.  16),  Mr.  Kerr  traverses  Professor 
Louis's  conclusions  that  within  ordinary  limits  the  strength 
of  pit  props  is  practically  independant  of  their  length,  and 
he  quotes  Mr.  Thomas  Box's  mean  crushing  strains  of 
wood — Ash  9023  lbs.  per  square  inch,  beech  8648,  elm  9140, 
fir,  spruce  6657,  oak  8271,  pine,  red  6457,  larch  4385. 

III.— AUTHORITIES  ON  PROPPING  MINES. 

Gborgius  Agricola,  1556. 

This  is  the  oldest  book  describing  the  timbering  &c.  of 
mines  which  the  writer  of  this  paper  knows.  The  author  of 
it  was,  it  seems,  George  Landmann,  a  medical  gentleman, 
who  assumed  the  name  of  Agricola.  It  is  a  foolscap  folio 
volume,  a  copy  of  which  the  writer  possesses  and  another 
copy  is  in  the  library  of  the  Manchester  Geological  Society. 
The  text  is  illustrated  by  numerous  drawings.  Methods  of 
propping  mines  are  shown  with  single  props  and  double 
timbers  or  couplings.  The  legs  of  some  of  the  couplings 
go  up  to  the  roof,  and  the  coupling  is  inserted  between 
them  near  the  top;  but  others  have  the  coupling  placed 
upon  and  projecting  over  the  top  of  the  legs.  Behind  the 
couplings,  the  sides  of  some  main  roadways  are  cased  with 
planking.     The  single  props  are  mostly  in  the  natural  state 
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of  the  wood,  but  most  of  the  double  timbers  are  squared. 
Some  of  such  of  the  legs  of  the  double  timbers  as  are  in  the 
natural  state  have  naturally  grown  forks  at  the  top  end, 
and  in  this  fork  the  coupling  is  placed.  Neither  cogs  nor 
chocks  are  shown  in  the  drawings  of  the  workings,  but 
some  buildings  aboveground  have  the  side  walls  formed  of 
natural  timber  crossed  in  the  same  form  as  cogs. 

Report  to  the  Mining  Institute  of  Scotland,  1881. 
This  report  by  Messrs.  H.  Mungall,  J.  Drinnan  and  R. 
T.   Moore,   B.Sc,   *0n   supporting  coal   mines,'    describes 
almost  every  method  of  propping  as  practised  in  England, 
Scotland,   and  Wales.      It    describes    and    the    diagrams 
show : — Single  props,  double   timbers   gears  or  couplings, 
sprags  or  stays,  chocks  and  cogs,  set  in  various  ways.     The 
single  props,  are  with  caps  or  lids  between  the  top  end  and 
the  roof.      The  double  timbers,  include   the  complete  set 
having  a  prop  at  each  side  from  the  floor  to  the  coupling  or 
crown  piece  at  the   roof;    others  with  one  or  both  legs 
resting  on  ledges  part  way  down :  the  crown  pieces  of  some 
are  single ;  others  are  in  two  pieces  slanting  upwards  and 
meeting  at  the  top ;  some  are  in  three  pieces,  two  of  them 
slanting  upwards,  and  a  short  horizontal  coupling  at  the 
top:    the    junction    between   some    of    the   legs  and   the 
couplings  are  notched,  the  tightening  being  with  pieces  of 
wood  hammered  in  above  and  at  the  sides ;  other  legs  are 
cut  concavous  at  the  top,  to  receive  the  convex  coupling, 
against  which  the  legs  are  hammered  up  and  sometimes 
nailed,  and  occasionally  a  diagonal  stay  is  inserted  at  each 
comer  to  strengthen  the  coupling.     Iron  props  had  scarcely 
come  into  use  at  the  time  of  the  report,  but  arched  iron 
couplings  are  shown.      The  sprags  or  stays,  have  mostly 
caps,  some  being  set  in  double  rows  and  others  single ;  those 
called  cockermegs  are  composed  of  a  diagonal  sprag  sloping 
forwards  from  the  floor  to  a  cap  against  the  coal  face  with 
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another  diagonal  sprag  sloping  backwards  from  the  same 
cap  to  the  roof.  The  chocks,  are  of  the  usual  square 
timber  cut  in  lengths  siiitable  for  the  height  of  the 
working ;  and  the  cogs  are  of  natural  round  timber, 
sometimes  broken  props. 

The  diagrams  in  this  report  show  most  of  the  props  set 
Tertically  in  horizontal  mines,  and  at  rectangles  to  the 
bedding  in  inclined  mines.  But  some  are  at  different 
angles. 

The  utility  of  the  lever  and  chain  for  safety  in  drawing 
props,  or  at  least  dangerous  props,  which  require  renewing 
or  when  the  temporary  purpose  for  which  they  were  set  has 
been  served,  is  also  mentioned. 

This  valuable  report  is  in  the  library  of  the  Manchester 
Geological  Society,  and  is  well  worth  perusal. 

Messrs.  John  L.  Hedley  and  "Wm.  Leek,  1898. 

This  instructive  paper,  on  'Timbering  in  the  iron  ore 
mines  of  Cumberland  and  Fumess,'  describes  some  varia- 
tions of  procedure.     Trans.  M.E.  Vol.  16. 

Mr.  George  L.  Eerr,  1898. 

This  paper,  previously  alluded  to  on  the  strength  of 
timber,  quotes  Mr.  A.  R.  Sawyer's  book,  defining  the 
angles  at  which  props  should  be  set,  vaiying  according  to 
the  inclination  of  the  mine. 

IV.— DEDUCTIONS. 
(«)  Properties  of  pit  woods. 
On  comparing  the  results  of  the  testes  of  wood  by  different 
experimenters  a  student  may  be  puzzled  by  the  variety  of 
names  given  by  different  authors  to  the  same  force,  and  to 
the  same  kind  of  wood,  and  sometimes  even  to  the  same 
term.  For  instance,  transverse  strength  is  variously 
described  as — the  weight  which  a  beam  loaded  in  the  centre 
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will  bear  ;  as  that  necessary  to  break  a  bar  projecting  one 
inch  beyond  the  fulcrum  ;  as  that  necessary  to  break  a  bar 
projecting  12  inches  beyond  the  fulcrum ;  and  also  as  the 
crushing  weight  across  the  fibres.  These  and  such  like, 
until  uniformity  be  attained,  have  to  be  mastered  according 
to  the  best  of  each  person's  ability. 

The  general  results  of  the  tests  show  without  doubt  that 
the  strength  of  the  same  kinds  and  also  of  different  kinds 
of  wood,  as  well  as  the  weight  which  woods  will  bear 
without  permanent  alteration,  vary  coneiderably. 

The  crushing  weight  of  white  fir  per  square  inch  of  area 
was  put  by  Dr.  Young  a  century  ago  at  6000  lbs.,  and  red 
fir  at  7000  lbs.  Molesworth  now  puts  yellow  pine  at 
5300  lbs.,  and  red  pine  at  5400  lbs.  Professor  H.  Louis's 
recent  tests  of  191  actual  pit  props  make  the  average 
weight  much  less.  Taking  57  of  his  tests  of  Baltic  props 
as  a  sample,  each  either  partly  or  fully  seasoned,  in  lengths 
from  12  to  67  inches,  and  diameters  of  the  point  ends  3'33 
to  5'12  inches,  give  only  3835  lbs.  per  square  inch,  the 
range  between  maximum  and  minimum  being  from 
5687  lbs.  to  2688  lbs.  Berginspector  Diitting's  experiments 
also  with  props,  seasoned,  in  lengths  from  39  to  99  inches, 
and  average  diameter  a  little  less  than  5  inches,  averaged 
less — fir  3385  lbs.,  and  pine  2958  lbs.  The  crushing 
weights  of  other  kinds  of  wood  being  similar.  See 
tables  (IVc.) 

The  weight  which  ^wods  will  bear  without  permanent 
alteration  is  put  by  some  authorities  at  from  50  to  70  per 
cent,  of  the  crushing  weight.  Others  vary  the  percentage 
according  to  the  hardness  of  the  wood — thus ;  putting 
figure  1  as  the  weight  all  woods  will  bear  without 
permanent  alteration  the  crushing  weight  is ;  for  soft  wood 
from  1-35  to  1*50,  and  for  hard  wood  from  243  to  281. 
The   deterioration   is   such   that   a   prop   which   has    been 
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subjected  to  pressure  beyond  its  elasticity  will  not  again 
bear  the  weight  it  was  capable  of  supporting  before  its 
original  latent  strength  became  impaired.  Nor,  seeing  the 
difiPerence  between  the  maximum  and  minimum  strengths, 
should  even  a  new  prop  be  trusted  to  bear  the  average 
breaking  weight  shown  by  the  tables. 

The  modulus  of  elasticity  was  a  century  ago  considered 
sufficiently  confirmed  by  experiments  as  a  good  approximate 
measure  of  the  elastic  force  of  ordinary  substances.  Now, 
some  of  the  principles  on  which  former  tables  were  based 
have  become  changed.  Dr.  Young  (excluding  highly 
elastic  substances  such  as  gum)  put  the  Hmit  of  compres- 
sion and  extension  of  ordinary  substances  at  one  half. 
Molesworth  in  his  24th  edition  1899  puts  it  at  zero — that  is 
supposing  it  possible  to  stretch  or  compress  the  ordinary 
substance  to  this  extent,  and  that  the  relation  between 
compression  and  extension  held  good.  The  tables  usually 
give  the  modulus  per  square  inch  of  urea,  but  the  modulus 
is  the  same  whatever  the  area  may  be.  Old  tables  give  the 
height  of  the  column  of  the  substance  in  feet,  and  the 
weight  of  it  in  pounds.  Most  of  the  new  tables  give  only 
the  weight,  but  the  bulk  or  height  of  the  column  may  be 
readily  calculated  when  the  specific  gravity  of  the  substance 
is  known.  In  the  tables  both  of  weight  and  height, 
fractional  parts  of  a  thousand  are  often  omitted  as  being 
variable  where  the  tabulated  specific  gravities  vary,  and 
unimportant  among  numbers  extending  to  millions,  and 
the  measui*e  only  approximate. 

The  old  authorities  attributed  the  differing  results  of 
strength  found  in  the  same  kinds  of  wood  chiefly  to  external 
crookedness  and  internal  twisted  fibres.  These  they  con- 
sidered caused  seasoned  wood  to  give  way  first  by  flexure  on 
the  convex  side,  and  unseasoned  wood  on  the  concave  side. 
Also  in  some  degree  to  the  wood  at  the  S.E.  side  of  the  pith 
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of  trees  in  Europe  being  generally  thicker  than  the  opposite 
side.  They  also  thought  it  possible  that  in  all  instances 
the  force  in  testing  might  not  have  been  applied  precisely 
at  the  extremity  of  the  axis. 

Recent  authorities  attribute  the  differing  results  of  the  old 
and  new  tests  to  the  wood  used  in  the  old  experiments  being 
selected  and  in  small  pieces,  whilst  the  recent  experiments 
have  been  upon  full-sized  and  unselected  props. 

"Whether  the  wood  used  in  the  old  tests  was  actually 
selected  or  otherwise  does  not  appear;  but  that  the  pieces 
were  small  is  somewhat  confirmed  by  Dr.  Young's  statement 
that  some  of  the  results  may  have  been  affected  by  the 
limited  magnitude  of  the  machines  and  edifices.  He  does 
not  specify  the  size,  but  the  drawing  of  the  machine  in  his 
book  shows  that  the  machine  although  not  adopted  for 
testing  long  props,,  was  yet  of  sufficient  size  for  making 
tensile  and  crushing  tests  of  very  much  larger  pieces  than 
one  inch  cubes,  as  recently  supposed. 

The  fact  that  in  both  the  old  and  the  new  tests  a  large 
majority  of  the  breakages  were  preceded  by  flexure  tends 
to  confirm  the  views  of  the  old  authorities  as  to  the  cause  of 
the  variations  of  strength.  Possibly  the  cause  of  variation 
is  explainable  in  some  instances  by  the  maximum  stress  of 
some  sets  of  tests  being  compared  with  the  average  stress  of 
other  tests. 

According  to  the  recent  tests  the  strength  of  props  is 
shown  not  to  be  materially  affected  by  the  diameter,  length, 
age  of  growth  after  a  certain  maturity,  nor  by  either 
creosoting  or  salting,  provided  the  props  be  properly 
seasoned  before  use.  In  some  aspects,  however,  some  of 
these  conclusions  seem  to  require  consideration. 

As  TO  THE  diameter: — In  Professor  Louis's  tests  of  191 
props,  with  diameters  varying  from  2*35  to  6'10  inches  and 
an  average  area  of  13*78  inches,  some  props  of  small  diameter 
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stood  more  pressure  per  .square  inch  than  those  of  larger 
diameter,  but  others  stood  less  pressure.  Certain  tests  made 
of  adjoining  parts  of  the  same  wood  showed  that  the  upper 
or  smaller  ends  averaged  3  lbs.  per  square  inch  stronger 
than  the  but-ends,  and  that  the  maximum  crushing  weight 
was  also  in  their  favour.  The  minimum  crushing  weight 
was,  however,  in  favour  of  the  larger  or  but-ends. 

As  TO  THE  LENGTH  OF  THE  PROPS — although  the  experi- 
ments with  props  varying  in  length  from  12  to  67  inches, 
and  diameters  varying  accordingly,  scarcely  showed  that 
length  affected  the  strength,  it  is  obvious  that  the  bigger  the 
bulk  the  more  room  there  is  for  change,  and  that  parallel 
columns  adding  to  the  load  must  operate  against  strength. 
It  is  also  apparent  from  the  modulus  of  elasticity  that  increase 
of  length  of  a  column  of  any  ordinary  substance  of  uniform 
section  proportionately  lessens  the  extraneous  weight  it  will 
bear.  The  anomaly  as  to  length  shown  by  the  experiments 
may  be  partly  due  to  the  taper  of  the  props,  the  strength  per 
square  inch  being  calculated  from  the  area  of  the  point  end. 
The  size  of  the  but-ends  is  not  given,  but  in  the  instances 
where  props  were  sawn  in  halves  it  may  be  seen  that  the 
diameter  from  point  to  butt  increased  in  the  Baltic  props  from 
1/1 0th  to  1/7 th  of  an  inch  per  foot,  and  in  the  larch  props 
about  l/8th  inch  per  foot.  (See  also  Molesworth's  formula 
for  columns,  24th  edition,  1899.) 

As  TO  THE  AGE  OF  GROWTH,  showu  by  the  annular  rings, 
the  experiments  show  that  after  certain  maturity  strength 
is  subject  to  variation.  Some  of  the  Baltic  white  wood, 
commencing  the  count  at  24  years,  attained  the  maximum 
strength  at  52  yeara,  which  it  nearly  maintained  to  77 
years.  Mixed  Baltic  props,  beginning  the  count  at  45 
years,  attained  the  maximum  strength  at  66  years.  Some 
larch,  beginning  the  count  at  8  years,  fluctuated  to  13 
years  and  attained  the  maximum  strength  at  19  years,  and 
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diminished  afterwards  to  30  years.  Some  other  larch  of 
inferior  quality,  beginning  the  count  at  23  years,  attained 
the  maximum  strength  at  29  years.  Scotch  fir — green  and 
fall  of  sap,  beginning  the  count  at  16  years,  increased  in 
strength  to  20  years,  then  declined  to  25  years,  but  rose 
again  and  attained  the  maximum  at  78  years.  Another 
kind  of  Scotch  fir  with  some  seasoning,  beginning  the 
count  at  15  years,  attained  the  maximum  at  23  years,  and 
then  fluctuated  to  36  years;  whilst  some  with  3  months 
more  sea<iOQing,  beginning  the  count  with  the  maximum  at 
10  years,  declined  in  strength  to  25  years  growth. 

As  TO  CRBosoTiNO  AND  SALTING,  the  tests  showcd : — 
Baltic  props  fully  creosoted  but  only  partly  seasoned  broke 
at  an  average  of  2890  lbs.  per  square  inch.  Others 
lightly  creosoted  but  well  seasoned  before  using  averaged 
4126  lbs.  Those  partly  seasoned  before  the  testing  being 
945  lbs.  against  creosoting,  and  the  fully  seasoned  291  lbs. 
in  favour  of  the  light  creosoting.  Some  of  the  salted  props 
varied  in  strength — the  partly  seasoned  breaking  at  560  lbs. 
per  square  inch  less,  and  the  well  seasoned  at  exactly  the 
same  weight  as  those  not  salted.  Treatment  with  metallic 
salts,  it  appears,  has  not  in  all  instances  proved  satisfactory. 

In  selecting  props,  the  principal  points  to  be  observed 
are : — Straightness  ;  slowness  of  growth  as  indicated  by 
narrow  annular  rings ;  freedom  from  knots,  indents,  resin, 
gum,  and  sap.  They  should  also  be  well  seasoned  before 
use.  With  these  precautions  and  proper  mine  ventilation, 
fungus  growth  may  generally  be  obviated  and  durability 
ensured. 

(6)  Setting  props. 

In  ancient  coal  mining  the  drivings  seem  to  have 
generally  been  made  only  so  wide  as  the  roof  would  stand 
without  propping,  pillars  of  coal  being  left  for  support 
instead  of  using  timber.      In  metalliferous  mines  also  the 
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use  of  timber  seems  to  have  been  avoided  so  far  as 
practicable.  From  the  iron  ore  mines  of  the  Forest  of 
Dean  in  Gloucestershire  many  well  preserved  solid  oak 
spades  have  been  shown  as  '  finds  '  in  the  ancient  workings^ 
but  the  writer  although  knowing  the  mines  well  has  seldom 
if  ever  found  remains  of  ancient  prop  wood.  Props  were, 
however,  undoubtedly  used  in  Agricola's  time  between 
three  and  four  centuries  ago,  but  not  so  abundantly  as 
now. 

At  the  present  time  with  an  almost  invariably  adequate 
supply  of  props  strong  enough  for  the  purpose  and  to  some 
degree  enforced  setting,  falls  of  ground  constitute  a  most 
serious  cause  of  accident.  Greater  in  importance  therefore 
than  the  relative  strengths  comes  the  consideration  of  the 
proper  methods  of  setting.  The  differing  practice  which  to 
an  observable  extent  obtains  in  this  respect  is  the  point  to 
which  the  writer  now  invites  attention.  Namely,  whether 
all  bearing  props  should  be  set  in  the  direct  axis  of  main 
pressure,  or  whether  sufficient  others  should  be  purposely 
added  sloping  differently  to  guard  against  side  thrusts 
which  come  occasionally  from  breaks,  faultings,  and 
anomalous  subsidence. 

It  seems  generally  agreed  that  the  main  weight  in  mines 
comes  nearly  at  right  angles  to  the  bedding,  and  that  the 
props  should  be  mainly  set  in  that  direction.  If  the  mine 
is  horizontal  the  weight  generally  comes  vertically,  but  if 
the  mine  is  inclined  the  weight  comes  at  a  right  angle  to 
the  inclination.  Ordinarily  the  props  are  set  in  these 
directions.  They  are  set  by  the  eye,  which  with  other 
circumstances  occasions  some  variety  in  the  setting.  This 
variation  generally,  but  not  always,  prevents  side  thrusts 
toppling  them  over. 

Some  authorities  hold  it  as  a  principle  that  all  props 
should  be  set   at  a  rectangle  against  the  main  pressure. 
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Others,  in  order  to  guard  against  possible  side  thrusts  and  a 
tendency  of  the  ordinary  weight  to  ride  to  the  dip  in 
inclined  mines,  purposely  cause  a  sufficient  number  of  props 
to  be  set  slightly  deviating  from  the  common  axis. 

The  diagrams  in  Messrs.  Mungall,  Drinnan  and  Moore's 
report  show  most  props  set  at  right  angles  to  the  bedding, 
but  some  deviating  from  the  majority.  Mention  is  not  made 
in  the  text  whether  this  difference  came  specially  under 
their  notice. 

Mr.  Sawyer's  endeavour  to  fix  a  maximum  and  minimum 
slope  for  the  props  varying  with  the  rate  of  dip  seems  a  step 
in  the  right  direction.  If  his  proposal  be  rightly  understood 
it  is  to  make  this  maximum  slope  of  the  props  l/6th  of  that 
of  the  dip,  and  the  minimum  slope  l/3rd  of  the  l/6th,  which 
might  admit  of  more  scope  for  variation. 

From  the  want  of  sufficient  variety  of  slopes,  the  writer 
has  seen  whole  uniform  settings  topple  over  without  breakage 
of  props,  which  could  not  have  happened  if  a  little  diversity 
of  slope  had  been  given  to  a  sufficient  number  of  the  props. 
To  this  point  special  attention  is  requested. 

Props  are  usually  set  with  the  but-end  downwards,  but 
not  always.  Having  the  but-end  upwards  adds  a  trifle  to 
the  weight  on  the  lower  end,  but  the  larger  size  at  the  top 
should  lessen  the  liability  of  its  being  split  by  a  coupling 
resting  on  it,  and  also  gives  more  surface  for  abrasion  in 
hammering  up  against  a  rough  roof.  Both  ways  may 
therefore  have  advantages  according  to  the  circumstances. 
The  but-end  downwards  with  air  circulating  is  the  way 
Molesworth  recommends  for  stocking.  But  it  differs  from 
the  old  notion  that  wooden  gateposts  inserted  in  the  ground 
last  longer  with  the  direction  of  growth  reversed.  Stone 
is  held  to  last  best  when  laid  in  the  same  horizon  as  it  was 
bedded  in  the  quarry. 

The  utility  or  otherwise  of  sloping  a  little  off  the  edge  of 
the  ends  of  props  or  of  surrounding  the  ends  with  an  iron 
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ring  to  prevent  abrasion,  to  which  some  members  of  this 
society  have  attached  usefulness,  does  not  seem  to  have  been 
tested  by  the  machine  process.  Either  device  should  prevent 
abrasion  of  the  ends  of  props;  and  the  sloping  off,  if  skilful 
in  modifying  irregularities  of  axis  to  the  direct  line  of 
pressure,  should  add  strength  to  props  generally. 

Props  which  have  become  dilapidated  but  where  support 
is  still  required  must  be  changed.  But  consideration  is 
required  whether  other  props  which  without  failure  have 
served  the  purpose  for  which  they  were  set  should  be  drawn 
or  left.  The  taking  out  requires  skill  and  care  to  avoid 
danger.  A  few  managers  prohibit  it  altogether.  Some 
require  the  drawing  to  be  done  only  by  experienced  miners, 
or  by  those  persons  who  sot  the  props  or  who  know  of  any 
special  causes  for  which  some  of  the  props  were  set.  Others 
allow  its  being  done  by  the  miners  generally.  Ordinarily  it 
in  considered  best  to  draw  all  props  which  appear  safely 
available.  The  so  doing  prevents  waste  of  property,  admits 
of  regulating  weight  which  sometimes  usefully  assists  in  the 
working,  and  allows  the  roof  to  subside  or  fall  regularly  in 
the  worked  out  part  behind. 

In  this  drawing  of  props,  a  hammer  and  pick  with 
occasionally  a  long  prop  as  a  battering  ram  are  used.  At 
times  a  temporary  prop  may  be  set  for  protection  during  the 
operation;  and  when  taking  out  critical  props,  various 
appliances  such  as  the  lever  and  chain  are  used,  the  lever 
being  sometimes  substituted  by  attaching  the  chain  to  a 
windlass  or  a  moving  tram.  It  being  found  that  appliances 
of  this  kind  are  oftener  provided  than  used.  Her  Majesty's 
Secretary  of  State  supported  by  the  Inspectors  of  Mines  is 
endeavouring  to  make  the  use  of  some  such  adjunct 
obligatory.  To  this  endeavour,  so  far  as  it  does  not  in- 
juriously interfere  with  the  judgment  of  a  skilled  operator, 
all  must  wish  success. 
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(c)   Comparative  tables  of  the  strength  of 

PIT   WOODS. 

As  preface  to  the  few  comparative  tables  of  the  strength 
of  some  common  pitwoods,  acknowledgment  is  due  to  the 
scientific  and  practical  authorities  and  to  the  societies  and 
institutions  which  have  spread  so  much  information  to  help 
in  fitting  mining  engineers  and  managers  for  their 
responsible  duties.  The  writer  of  this  paper  closed  his 
first  official  report  as  Her  Majesty's  inspector  of  mines,  in 
June  1851,  with  the  words  of  hopefulness  expressed  at  the 
opening  of  the  Boyal  school  of  mines,  that  it  would  remove 
the  cause  for  regret  "to  find  many  a  powerful  mind 
struggling  with  a  want  of  knowledge  of  what  others  have 
accomplished  or  are  now  doing — great  as  the  achievements 
of  uninstructed  men  have  sometimes  been  they  would  have 
been  still  greater  had  correct  instruction  been  afforded 
them/'  Before  that,  in  1818,  the  Royal  Institution 
of  Cornwall  was  founded.  In  1838,  this  Manchester 
Geological  Society  with  its  two  objects  of  geology  and 
mining  was  established.  In  1839  continuing  in  1840,  Sir 
Charles  Lemon  originated  a  mining  school  at  Truro.  In 
1850,  the  Inspection  of  mines  began.  In  1852,  the  now 
great  Institution  of  mining  engineers  at  Newcastle-on-Tyne 
was  founded.  Numerous  other  important  mining  institu- 
tions and  schools  have  followed,  including  technical  schools 
embracing  other  subjects.  Severally  and  jointly  these 
have  realised  the  most  hopeful  anticipations.  More  remains 
to  be  done.  Let  us  trust  that  increasing  wants  will  be  met 
by  increased  usefulness. 

The  tables  here  appended  summarise  some  of  the  varying 
results  of  the  tests  of  the  strength  of  woods  commonly  used 
for  propping  mines,  including  the  tests  of  actual  pit  props  ; 
and  the  modulus  of  their  elasticity. 
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Comparative  Tables  of  tjie  Strength  of  Common  Pit  Woods. 

The  strenffth  %$  given  per  square  inch ;   which  mutiplied  by  the  total 
area  gives  the  total  strength. 


1 

Streugth  In  the 

Authority. 

Kind  of  Wood. 

Specific 
Gmvity. 

direction  of  fibre. 
Per  square  Inch. 

Tensile  or     Crushios  or 

Traasreree 

Strength. 

Per  equare 

inch. 

Oohetive. 

Breaking. 

—           

LU. 

Lhft. 

Lbe. 

Dr.  Tlios.  Young,  1 807 

Ash 

•84 

12,000 

8,000 

Six  to  twenty 

Beech 

•85 

12,000  to 

6,500  to 

times  weaker 

yt                            »» 

»♦ 

17,000 

8,000 

than  in  the 

Elm 

•80 

13,000 

8,000 

f>                             »» 

Fir,  white . . 

•56 

8,000 

6,000 

direction  of 

II                            »»                 *  • 

,.    red     .. 

7.000 

the  fibres. 

II                            »» 

Oak 

•99 

12,000  to 

4,000  to 

II                             »» 

»> 

•• 

17,000 

11,000 

Adoock,  1843    ..     .. 

Aah 

'840 

16,700 

„    red 

•812 

17|892 

«»         »>             *  * 

Beech 

•720 

17,709  to 

. . 

»»         »» 

II            •  •  1 

22,200 

Elm 

13,489 

" 

Fir,  pine 
„    Norway 

•590 

12,400 

»>         »» 

•660 

14,300 

1)         »» 

Oak 

•760 

14,000 

Templeton,  1847 

Aah 

•845 

15,780 

1 

Beech 

•852 

12,000 

•673 

11,500 

Fir,  red  pine 

•657 

9,540 

„    white  „ 

•551 

12,346 

Larch 

•530 

9,500 

tf            »» 

Oak 

•743 

11,592 

Molesworth,  1899    . . 

Ash 

•690 

12,000 

8,600 

2,000 

>i 

•760 

17,000 

9,300 

3,000 

Beech 

•690 

11,000 

7,700 

1,500 

»♦            • ' 

•696 

22,000 

9,300 

2,000 

Elm 

•553 

13,200 

10,300 

782 

i» 

•579 

14,000 

1,100 

Fir,  spruce. . 

•512 

10,100 

6,500 

1,490 

Pine,  white . 

•432 

1,229 

„      yellow 

•508 

5,300 

1,185 

„      red  .. 

•576 

12,000 

5,400 

1,200 

>>        tt    ' ' 

•657 

14,000 

7,500 

1,530 

Larch 

•543 

8,900 

3,200 

1,330 

»» 

•556 

10,200 

5,500 

1,660 

Oak 

•777 

10,000 

6,400 

1,600 

>> 

•934 

19,000 

10,000 

1,690 
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The  Chairman:  Before  proposing  a  formal  vote  of 
thanks  to  Mr.  Dickinson  for  his  interesting  paper,  I  should 
be  glad  to  hear  any  remarks  bearing  upon  it  from  any 
member. 

Mr.  Henry  Hall:  I  have  listened  with  very  great 
interest  to  the  paper.  I  expected  it  would  be  interesting 
when  I  knew  that  Mr.  Dickinson  was  going  to  read  it. 
The  chief  point  he  seems  to  have  brought  before  us  is  the 
strength  of  different  timbers.  So  far  as  I  could  glean  from 
the  i)aper,  all  the  strengths  he  has  given  depend  upon  actual 
perpendicular  pressure.  But  in  mines,  I  imagine  the  weight 
hardly  ever  comes  in  that  way ;  and  it  seems  to  me  of  more 
importance  that  the  timber  you  select  should  be  able  to  bear 
a  great  bending  pressure  rather  than  a  great  crushing 
weight.  There  are  hardly  any  mines  which  are  perfectly 
horizontal,  and  wherever  the  mines  are  not  horizontal  the 
crushing  does  not  come  in  a  vertical  fashion.  The  men, 
some  of  them  perhaps,  may  set  their  props  at  right  angles  to 
the  dip,  but  the  majority  of  props,  where  the  angle  is  not 
very  great,  will  not  be  set  at  the  right  angle  of  the  dip,  and 
for  that  reason  the  pressure  never  comes  in  the  way  that 
these  experiments  have  been  carried  out.  Mr.  Dickinson 
gives  us  some  of  Professor  Louib's  deductions  from 
experiments  that  he  made.  He  makes  rather  a  remarkable 
statement,  which  is,  I  think,  to  the  effect  that  whatever  the 
length  of  the  prop«  up  to  a  certain  point,  it  will  bear  the 
same  crushing  weight.  Well,  as  far  as  mine  timber  is  con- 
cerned, I  do  not  think  any  of  us  would  be  willing  to  accept 
that  view;  and  perhaps  Professor  Louis  means  that  if  you 
keep  the  pressure  actually  vertical  it  does  not  matter  what 
length  the  prop  is.  But  in  mining  you  know  if  you  were  to 
set  props  three  inches  in  diameter  and  seven  or  eight  feet 
high  it  would  be  ridiculous.  It  is  rather  difficult  to  criticise 
a  paper  on  just  hearing  it  read;  perhaps  at  a  future  time  we 
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may  have  an  opportunity  of  saying  more  about  it.  I  did 
hope  that  Mr.  Dickinson  was  going  to  become  an  advocate 
of  systematic  timbering.  To  my  mind  the  quantity  of 
timber  put  up  is  much  more  important  than  the  strength  of 
it.  So  far  as  I  have  observed,  in  the  majority  of  the 
accidents,  the  roof  has  come  down  where  there  has  not  been 
sufficient  timber;  and  I  think  it  very  seldom  happens  that 
timber  breaks  in  these  cases.  The  accident  generally  occurs 
where  there  is  a  scant  supply  of  timber,  or  the  moving 
weight  upsets  the  timber  that  is  standing.  Mr.  Dickinson 
mentioned  that  the  Government  had  the  idea  of  making 
some  rule  about  the  drawing  of  timber.  The  Government 
also  has  the  intention  of  bringing  before  colliery  owners 
the  question  of  systematic  timbering.  It  has  already  been 
applied  to  some  extent  in  Lancashire,  and  I  think  with  very 
great  success.  I  was  speaking  only  a  day  or  two  ago  to  a 
mine  manager  who  has  applied  it,  and  has  had  it  in 
operation  six  or  seven  years,  and  he  spoke  very  highly  of 
it.  He  says  he  can  see  for  himself  that  there  is  a  reduction 
in  the  number  of  accidents  where  it  has  been  brought  into 
force  ;  and  not  only  so,  but  he  says  it  gives  the  officials 
very  much  more  power  over  the  men.  When  the  men 
have  the  timbering  in  their  own  hands  they  will  stand  and 
argue  with  the  fireman  as  to  whether  it  is  or  is  not  needed, 
but  if  the  rule  is  that  timber  shall  be  so  far  apart,  and  no 
further,  the  fireman  has  a  proper  hold  upon  the  men.  Of 
course  it  is  an  experiment  to  some  extent,  but  to  my  mind 
it  .would  save  a  great  number  of  accidents  and  add  very 
much  to  the  discipline  of  the  colliery. 

Mr.  Harrison  :  I  can  bear  out  from  my  experience  what 
has  been  said  as  to  the  need  of  systematic  rules  for  timbering. 
I  believe  systematic  timbering  would  save  many  lives  in  the 
pits.     It  needs  of  course  a  great  deal  of  consideration,  and 
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the  employer  will  have  to  exercise  all  his  wisdom  in  the 
study  of  it.  Probably  there  are  no  two  seams  which  will 
bear  the  application  of  the  mme  rule ;  but  thut  some  rule 
is  wanted  I  am  certain.  Much  might  be  said  in  favour  of 
systematic  timbering,  but  many  people  are  writing  against 
it,  professedly,  whilst  the  thing  they  are  really  writing 
against  is  uniform  timbering,  that  is  never  more  and  never 
less  than  the  distance  specified  as  a  maximum.  Well  I 
think  the  more  a  man  knows  about  a  mine  the  less  will  he 
want  uniform  timbering,  in  every  case.  Under  a  special 
rule  if  you  found  a  collier  had  his  timber  six  or  seven  feet 
from  the  face,  when  you  knew  it  was  not  safe  at  a  greater 
distance  than  five  feet,  you  would  have  the  means  of 
bringing  him  to  account,  if  he  disregarded  your  warning, 
providing  the  rule  specified  5  feet  as  the  maximum.  Such 
a  rule  would  strengthen  the  hands  of  the  fireman.  Though 
he  can  point  to  no  apparent  weakness  yet  he  can  point  to 
the  rule,  and  insist  that  the  timbering  shall  not  be  further 
back  than  the  prescribed  distance.  On  these  grounds 
systematic  timbering  is  in  my  view  the  best.  Mr.  Dickin- 
son's paper  is  a  long  one  and  contains  much  valuable 
information.  I  shall  be  glad  to  read  it  at  my  leisure. 
The  only  thing  which  disappoints  me  is  the  absence  of  all 
reference  to  systematic  propping. 

Mr.  DuKY  Mitton:  I  agree  with  what  Mr.  Hall  said 
about  Mr.  Dickinson's  paper.  It  is  a  most  interesting  paper, 
but  it  is  really  too  much  to  discuss  upon  merely  hearing  it 
read.  I  think  we  should  defer  the  discussion  till  another 
meeting  after  the  paper  has  been  printed. 

Mr.  James  Tonge  :  I  have  listened  with  great  pleasure 
to  Mr.  Dickinson's  paper.  It  always  gives  me  pleasure  to 
listen  to  Mr.  Dickinson ;  he  never  touches  a  subject  without 
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throwing  some  light  upon  it.  I  do  not  agree  with  Mr.  Hall 
and  Mr.  Sarrison  in  thinking  that  Mr.  Dickinson  should 
have  introduced  the  subject  of  systematic  timbering.  It 
may  be  all  right  for  present-day  inspectors  to  speak  upon 
it  whenever  they  think  proper,  but  for  a  gentleman  in 
Mr.  Dickinson's  position  it  is  a  different  matter.  I  did  not 
myself  expect  that  he  would  take  up  the  attitude  they  have 
done.  I  think  Mr.  Dickinson  has  given  us  a  very  interesting 
and  comprehensive  resume  of  the  opinions  of  eminent  men 
as  to  the  strength  of  timber  and  how  to  preserve  them  for 
mining  uses.  I  did  think  that  he  would  have  gone  a  little 
further  and  dealt  with  the  question  of  the  setting  of  both 
props  and  bars ;  indeed  I  thought  that  that  would  form  the 
main  subject  of  his  paper.  However,  I  feel  sure  when 
we  come  to  read  it  that  we  shall  value  it  as  a  most  interest- 
ing compilation  of  the  principal  things  that  have  been 
written  on  the  subject  of  timber  for  a  very  long  time — ^in 
fact  during  the  whole  period  of  mining.  With  regard  to 
systematic  timbering.  I  happen  to  be  pretty  well  aware  of 
the  opinions  of  a  considerable  number  of  managers  and  they 
are  not  so  much  opposed  to  the  principle  of  systematic 
timbering ;  but  they  do  not  want,  as  they  express  it,  "  to 
put  their  necks  into  a  noose."  Some  of  them  think  it 
means  uniform  timbering,  to  which  they  do  object. 

The  Chairman  :  It  has  been  suggested  that  the  discussion 
should  be  adjourned,  and  if  it  is  agreeable  to  Mr.  Dickinson 
that,  I  think,  would  be  a  wise  course  to  take. 

Mr.  Dickinson  :  Quite  so. 

The  Chairman  :  There  is  a  great  deal  in  the  paper  that 
is  deserving  of  careful  study.  An  old  man  once  said  to  me 
when  I  asked  why  he  did  not  do  so  and  so  : — "  There's  a 
deal  of  things  belong  to  everything."     The  longer  I  live 
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the  truer  I  find  it.  There  is  more  involved  in  systematic 
timbering  than  appears  on  the  face  of  it,  and  anyone  who 
takes  up  the  question  with  a  view  to  adopting  it  will  find  it 
beset  with  many  collateral  issues.  However,  I  will  not  say 
more  to-day.  I  move  that  our  best  thanks  be  given  to  Mr. 
Dickinson  for  his  able  and  interesting  paper. 

The  motion  was  seconded  by  Professor  Boyd  Dawkins, 
and  carried  unanimously. 

Mr.  Dickinson,  in  replying  said  :  I  am  much  obliged  to 

you,   gentlemen,  for  this  vote  of  thanks  and  also  for  the 

kind  expressions  of  some  of  the  gentlemen  who  have  given 

us  their  views  in  the  course  of  the  discussion.      In  the 

discussion  so  far  as  it  has  gone  Mr.  Hall  alone  has  touched, 

and  that  incidentally,  on   the   strength    of   timber.      He 

endeavoured  to  reconcile  the  discrepancies  which  exist  now 

in  the  accounts  of  the  different  tests.     As  regards  the  other 

point,  to  which  all  the  speakers  have  addressed  themselves, 

it  is  only  incidentally  alluded  to  in  the  paper,  and  that  is  in 

very  few  words — the  setting  is  "  to  some  degree  enforced." 

The  main  point   to  which  I  invited  attention  as  to  the 

setting  of  props  had  relation  to  the  two  different  principles 

which  may  be  noticed  by  any  person  who  has  opportunities 

of  comparing  the  practice  in  one  colliery  with  those  in 

others,  and  that  is  as  to  whether  the  props  should  be  all  set 

in  the  direct  axis  of  the  pressure,  or  whether  there  should 

be  diversity  in  the  slope  of  the  props.     Not  one  of  the 

speakers  has  said  a  word  on  that  point,  to  which  attention 

was  specially  requested  in  the  paper.     I  purposely  avoided 

going  into  what  might  be  considered  a  controversial  topic  ; 

nor  did  I   consider  it   necessary  to  go  into  all  the  little 

methods  common  to  every  person  who  is  accustomed   to 

setting  props,  particularly  now   when  we   have   so   many 

props   coming  to  collieries  cut  in  certain  lengths,   which 
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have  to  be  adapted  to  the  height  of  the  workings.  These 
are  not  in  the  paper.  The  points  to  which  attention  is 
requested  are  the  differences  in  the  tests  of  strength,  and 
also  in  the  two  principles  of  setting  the  props ;  and  if  the 
discussion  should  be  adjourned  I  hope  some  gentlemen, 
after  reading  the  paper,  will  kindly  address  themselves  to 
those  two  points. 

It  was  then   resolved  that  the  discussion  should  stand 
adjourned. 


TKANSACTIONS 


MANCHESTER    GEOLOGICAL    SOCIETY. 

Past  XIII.  Vol.  XXVI.  Ssssion  1899-1900. 

The  Ordinary  Meeting  of  the  Members  was  held  on 
Tuesday,  December  12th,  1899,  at  the  Society's  Kooms, 
Queen's  Chambers,  5,  John  Dalton  Street,  Manchester. 

Professor  W.  Boyd  Dawkins,  in  the  absence  of  the 
President,  in  the  Chair. 


THE    PARIS    CONGRESS. 


Mr.  Stirrup  reported  that  he  had  received,  a  few  days 
ago,  a  letter  from  Madame  Brongniart,  the  widow  of  our 
lately  deceased  Honorary  Member,  in  response  to  the  receipt 
of  the  June  part  of  the  Transactions  of  the  Society,  wherein 
is  published  a  notice  of  the  death  of  Mr.  Charles  Brongniart, 
and  a  sketch  of  his  scientific  work.  Madame  Brongniart 
writes  that  she  wishes  to  thank  the  Members  of  the  Society 
in  her  own  name  and  that  of  her  children  for  this  appreciative 
souvenir  of  her  husband. 

Mr.  Stirrup  also  announced  that  the  date  of  the  Meeting 
of  the  International  Geological  Congress  at  Paris,  next 
year,  had  been  fixed  for  August  16-28.  Excursions  are 
being  organized  to  all  the  points  of  geological  interest 
throughout  the  whole  of  France,  to  take  place  before^  during, 
and  after  the  Congress. 
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HOWAT'S  LATEST  SAFETY  LAMP. 
Exhibited  and  Described  by  Mr.  J.  G.  Patterson. 


(Communicated  by  Mr.  Joseph  Dickinson,  F.G.8.) 


Howat's  latest  Safety  Lamp  bas  been  designed  to  bum 
paraffin  oils  and  to  prevent  the  tendency  of  the  oil  by 
reason  of  the  heat  of  the  lamp  to  rapidly  vaporise  and  pass 
up  into  the  flame  chamber  in  excessive  quantities,  which 
cause  the  light  to  smoke  or  be  extinguished  by  internal 
explosion.  The  details  may  be  thus  described.  (See 
Diagram.) 

A.  Is  the  outer  shield. 

B.  Gauzes. 

G.   Glass. 

J.  Wick  tube,  which  is  carried  from  flame  chamber  D  to 
within  |in.  of  the  bottom  of  oil  cup  K. 

E.  Ring  to  support  glass  and  gauzes,  and  is  permanently 
connected  to  screwed  flange  M  by  standards  H,  which 
maintains  air  space  between  oil  cup  K  and  flame  chamber  D, 
with  a  minimum  of  heat  conducting  area. 

F.  Milled  disc  for  raising  or  lowering  wick. 

G.  A  small  tube  which  opens  into  the  interior  of  the  oil 
cup  and  to  the  atmosphere,  and  constitutes  a  vent  for  any 
vaporised  oil. 
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I.  Ring  of  lamp  into  which  oil  cup  is  screwed,  carrying 
rings  E  and  M,  which  support  glass  and  gauzes.  It  will  be 
noticed  that  the  joints  at  each  end  of  the  glass  do  not 
depend  on  the  good  fit  of  a  thread  for  being  safe.  The 
isolation  of  the  flame  chamber  from  the  oil  reservoir  whereby 
an  air  space  is  formed  between  them  and  air  allowed  to 
circulate  in  such  space  with  a  much  longer  wick  tube, 
enables  the  lamp  to  bum  paraffin  with  absolute  safety. 

Messrs.  Baxendale  and  Co.,  who  are  the  makers  of  this 
lamp,  have  erected  at  their  Miller  Street  Works,  Manchester, 
a  Miner's  Safety  Lamp  test.  Members  of  the  Society  are 
invited  to  call  and  inspect  this.  Howat's  latest  safety  lamp 
can  be  seen  successfully  withstanding  an  explosive  current 
of  50ft.  per  second,  and  also  burning  in  a  temperature  of 
300°  F.  with  paraffin  oil  of  110  flash  point  as  the  illuminant. 

The  illuminating  power  of  this  lamp  has  been  measured 
at  the  Gaythom  Gas  Works,  Manchester.  Taking  a  standard 
Marsaut  as  1.  Howat's  latest  safety  lamp  gave  1*85. 


Mr.  Dickinson  moved  that  the  thanks  of  the  meeting  be 
given  to  Mr.  Patterson  for  his  paper.  He  said:  I  have 
examined  this  lamp  beforehand,  and  the  points  which,  to 
me,  are  new  in  it  are  the  flame  chamber  being  isolated 
from  the  oil  chamber,  with  an  escape  outlet,  adapted  for 
burning  paraffin  with  safety,  and  an  electric  wire  for  re- 
lighting. In  other  respects  the  lamp  appears  to  be  the  same 
as  the  Marsaut  lamp,  and  giving  50  per  cent,  more  Ught 
than  the  ordinary  safety  lamp  is  a  very  valuable  adjunct. 

Mr.  Stirrup  seconded  the  vote  of  thanks,  which  was 
passed  unanimously. 

Mr.  Stirrup  asked  if  the  lamp  had  been  shown  at  Wigan. 
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Mr.  Patterson  :  Some  of  the  mining  managers  of  this 
County  have  seen  the  lamp. 

The  Chairman:  Has  it  been  used  in  any  mine  P 

Mr.  Patterson:  No,  there  are  only  sample  lamps  in  use. 
It  is  quite  new. 

Mr.  Henry  Hall:  The  use  of  paraffin  in  miners'  lamps 
is  not  at  all  new.  I  have  seen  it  used  in  ordinary  safety 
lamps  for  the  last  five  or  six  years.  Messrs.  Naylor,  of 
Wigan,  have  a  lamp  something  like  this,  in  which  they 
bum  paraffin.  What  strikes  me  about  this — ^if  it  has  a 
weak  point  at  all — ^is  that  the  little  knob  inside  would  not 
last  long.     It  seems  liable  to  be  knocked  off. 

Mr.  Patterson:  It  is  very  strong  and  no  harm  can  be 
done  to  it,  except  on  purpose. 

Mr.  Hall:  I  have  carried  paraffin  lamps  underground 
several  times.  They  do  not  seem  to  keep  the  paraffin  from 
leaking,  the  lamp  gets  wet  at  the  bottom. 

Mr.  Patterson  :  In  the  lamp  now  shown  that  difficulty  is 
got  over.  Any  leakage  of  oil,  or  sweating,  is  outside,  away 
from  the  flame. 

Mr.  Hall:  Only  it  wets  the  hand. 

Mr.  Patterson  said  there  could  be  no  danger  of  explosion 
because  it  was  not  possible  for  any  oil,  by  reason  of  leakage 
or  sweating,  to  get  within  the  lamp  chamber. 

Mr.  Dickinson  said  it  was  true,  as  Mr.  Hall  had  pointed 
out,  that  the  use  of  paraffin  in  safety  lamps  was  not  new ; 
Mr.  Teale  had  produced  such  lamps  for  many  years.  But 
Howat's  lamp  has  some  distinctive  features,  which  he  had 
already  pointed  out.  He  had  never  before  seen  a  lamp  with 
the  chamber  isolated,  as  in  this  one. 
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NOTES  ON  THE  WORKING  OF  COAL  MINES  UNDtE 
SEA;  ALSO  UNDER  THE  PERMIAN  FEEDER  OF 
WATER,  IN  THE  COUNTY  DURHAM. 

By  Mr.  Thomas  Bell,  M.E.,  Scarborough. 


Read  by  Mr.  Joseph  Dickinson,  F.G.S. 


My  object  in  submitting  the  following  remarks  is  to  give 
an  idea  of  the  depth  and  extent  to  which  the  Coal  IVIines  have 
been  worked  under  the  sea  off  the  coast  of  Durham  and 
Northumberland,  and  inland  under  the  heavy  feeders  of 
water  contained  in  the  sand  bed  found  beneath  the  Magnesian 
Limestone  in  the  County  of  Durham,  known  as  the  "  Sand 
Feeders,"  without  bringing  the  water  down  into  the  workings 
except  in  two  or  three  cases  which  was  done  under  exceptional 
circumstances,  and  is  hereafter  referred  to. 

What  is  understood  in  this  district  by  the  term  "  Sand 
Feeder"  is  the  water  contained  in  a  portion  of  the  strata 
(the  Lower  New  Red  Sandstone)  underlying  the  Permian 
system,  and  overlying  the  true  coal  measures. 

The  thickness  of  this  sand  and  the  quantity  of  water  it 
contains  vary  considerably  at  the  different  winnings  where 
it  has  been  sunk  through.  At  the  Seaton  pit  near  to 
Seaham  Harbour  the  sand  at  one  side  of  the  shaft  was  three 
feet,  while  at  the  opposite  side  it  was  fifteen  feet  in  thickness. 

The  sand  is  incoherent  and  seldom  cemented  together 
sufficiently  to  form  a  sandstone,  and  has  been  the  source  of 
much  difficulty  and  expense  in  sinking  through  it  into  the 
coal  measures,  notably  at  Marsden,  Wearmouth,  Ryhope, 
Seaham,  Murton,  and  several  other  places. 

To  the  south  and  west  of  the  district  where  the  limestone 
is  much  increased  in  thickness  and  the  lower  portion  being 
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of  a  hard  compact  texture,  this  sand  gave  off  comparatiyely 
small  quantities  of  water,  as  at  South  Wingate,  Trimdon,  &c. 
At  the  latter  place  it  was  passed  through  nearly  dry  and 
was  divided  into  two  distinct  beds,  one  white,  the  other 
a  bright  yellow  sand,  quite  friable,  and  could  be  easily 
crushed  in  the  hand. 

The  portion  of  the  Great  Durham  Coalfield  which  I 
propose  to  deal  with  adjoins  the  sea  between  the  Tyne  and 
Hartlepool  on  the  east  and  rising  gently  westward  abuts 
against  the  Magnesian  Limestone  with  its  lower  seams  on 
the  west,  thus  if  we  strike  a  line  from  Sunderland  on  the 
north-east  (where  the  lower  seams  have  not  yet  been  proved 
and  are  probably  not  workable,  but  I  estimate  the  depth  to 
the  Brockwell  to  be  about  2,200  feet)  to  Middridge  on  the 
south-west,  a  distance  of  about  22  miles,  we  find  it  has 
risen  to  within  377  feet  of  the  surface  (the  former  place 
being  100  feet,  and  the  latter  400  feet  above  sea  level,)  all 
the  upper  seams,  down  to  the  Busty,  having  been  apparently 
denuded. 

The  Magnesian  Limestone  rests  unconformably  on  the 
coal  measures,  near  to  Hartlepool  some  of  the  seams  have 
been  proved  to  rise  towards  the  south  terminating  against 
the  bottom  of  the  newer  rocks. 

The  Brockwell  or  lowest  workable  seam  passes  at  its 
outcrop  under  the  Magnesian  Limestone  a  Uttle  east  of 
Shildon  on  the  south-west  of  the  Durham  Coalfield, 
dipping  to  the  north  and  west  at  an  angle  of  about  four 
degrees. 

From  the  Cap  of  Magnesian  Limestone  at  Tynemouth  to 
the  extremity  of  the  range  at  Castle  Eden,  the  beds  of 
limestone  become  more  depressed  or  have  irregular  dip 
from  north  to  south.  At  Tjmemouth  the  bottom  of  the 
limestone  is  50  to  60  feet  above  sea  level,  whereas  at  Castle 
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Eden  Colliery,  which  is  a  considerable  distance  inland,  the 
bottom  of  the  limestone  is  270  feet  below  the  level  of  the 


The  regularity  of  the  basin  like  form  towards  the 
Southern  margin  of  the  Durham  Coalfield  is  somewhat 
interrupted  by  a  fault  known  as  the  "  Butterknowle  Dyke" 
which  ranges  in  a  W-S-W.  and  E.N.E.  direction,  com- 
mencing in  Teesdale  and  terminating,  or  running  into  the 
sea  at  the  Pier  Head  at  Hartlepool,  depressing  the  strata  on 
the  south  to  the  extent  of  from  600  to  700  feet,  and 
bringing  in  the  upper  measures  with  all  the  coed  seams  from 
the  6/4  (Five  Quarters)  downward  imder  the  Permian  rocks 
at  Leasingthome,  Black  Boy,  Eldon,  and  a  few  other 
Collieries. 

To  the  south  of  this  fault  the  strata  dip  rapidly  towards 
the  N.N.W.,  thereby  bringing  the  lowest  seams  in  contact 
with  the  overlying  Permian  formation,  and  ultimately 
the  Millstone  Grit  itself  from  its  visible  outcrop  near 
Heighington,  eight  miles  N.W.  of  Darlington. 

Two  "  Whin  Dykes  "  also  run  through  the  county  from 
west  to  east,  both  apparently  commencing  at  or  near  to 
Middleton-in-Teesdale  where  the  great  "Whin  Sill"  is 
exposed. 

The  Northernmost,  or  as  it  is  commonly  called  the  "  Hett 
Whin  Dyke,"  nms  nearly  parallel  with  and  to  the  north  of 
the  "Butterknowle  Dyke"  above  alluded  to,  and  is  last  seen 
on  the  sea  beach  below  Easington,  a  little  to  the  south  of 
the  New  Winning. 

The  Southernmost,  or  as  it  is  commonly  called  the 
"  Cockfield  Whin  Dyke,"  runs  a  little  more  to  the  south, 
crossing  the  river  Tees  below  the  village  of  Yarm  into  the 
North  Riding  of  York,  where  it  is  extensively  worked  for 
road  metal  at  Great  Ayton  (under  the  shadow  of  the  far 
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{amed  '*  Boseberry  Topping  "),  at  several  places  along  the 
Esk  Valley,  at  Qrosmont,  and  several  other  places  en  route, 
and  finally  disappears  in  the  sea  at  Cloughton,  about  five 
miles  north  of  Scarborough. 

All  these  "Dykes"  are  shown  on  the  accompanying  plan. 

Mining  engineers  of  former  times  were  of  opinion  that 
the  bottom  of  the  Durham  coal  basin  would  be  found  about 
the  coast  line;  subsequent  explorations  have  however 
proved  this  not  to  be  the  case,  as  the  seams  worked  for  a 
mile  under  the  sea  are  found  to  be  still  dipping  eastward. 

There  are  only  two  Collieries  which  have  worked  coal 
under  the  sea  in  the  Durham  Inspection  district,  viz. : — 
Byhope  and  Seaham,  and  these  only  in  the  Maudlin  and 
Hutton  seams. 

The  usual  system  of  working  the  under-sea  coal  is  the 
same  as  practiced  in  working  the  inland  coal,  viz. : — ^by 
"bord  and  pillar,"  and  occasionally  a  little  "long-wall."  In 
each  case  the  whole  of  the  coal  is  taken  out  and  the  roof 
allowed  to  fall,  except  that  a  barrier  of  about  30  yards  of 
coal  is  left  next  to  all  slip  faults  of  importance  as  a  safe- 
guard to  support  the  broken  strata. 

In  numerous  instances  where  goaf  has  been  extensively 
formed  in  working  under  the  Umestone,  there  has  been 
considerable  shrinkage  and  damage  done  to  the  surface  and 
buildings,  yet  the  intervening  strata  below  the  sand  has 
been  suj£cient  to  keep  up  this  water,  which  might  be 
termed  an  enormous  natural  subterranean  reservoir,  and 
this,  to  my  mind,  ought  to  allay  any  doubts  or  fears  of  an 
inundation  while  working  the  under-sea  coal  at  such  depths 
as  are  hereafter  mentioned. 

I  am  of  opinion  that  it  is  safer  at  such  depths  to  take  out 
all  the  coal  and  allow  the  strata  to  gradually  settle  down, 
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which  it  will  do  without  causing  £racture8  to  any  extent, 
whereas  if  from  40  to  60  per  cent,  of  the  coal  be  left,  it 
follows  that  it  is  insufficient  to  support  the  superincumbent 
strata,  while  it  necessarily  prevents  it«  falling,  and  con- 
sequently sets  up  a  ''creep/'  which  causes  an  uneven 
subsidence  of  the  strata  and  is  liable  to  cause  breaks  or 
cracks  to  fissures  which  might  possibly  communicate  with 
feeders  of  water,  especially  in  broken  groimd  or  in  the 
neighbourhood  of  faults. 

There  are  at  present  no  under-sea  coal  workings  south  of 
Seaham  Harbour,  but  preparations  are  being  made  to  sink 
pits  on  the  Seaham  estate,  about  a  mile  to  the  south  of  the 
Harbour,  for  the  purpose  of  working  imder-sea  coal  only, 
the  first  sod  for  which  was  cut  on  26th  August,  1899. 

The  Easington  Coal  Co.  Ltd.  have  already  commenced  to 
sink  three  shafts — two  of  them  to  be  20  feet  and  one  17  feet 
in  diameter  finished  size — ^to  the  Harvey  seam.  These  pits 
are  situated  in  a  direct  line  between  the  village  of 
Easington  and  the  coast,  about  500  yards  from  high  water 
mark,  and  in  close  proximity  to  the  new  coast  line  of 
railway  now  in  course  of  construction,  and  about  three  miles 
south  of  the  new  Seaham  Docks. 

It  is  expected  that  the  depth  to  the  bottom  of  the  lime- 
stone will  be  about  85  fathoms,  including  about  eight 
fathoms  of  sand,  and  that  the  Harvey  seam  will  be  reached 
at  about  217  fathoms  from  the  surface. 

When  the  coast  line  of  railway  between  Seaham  and 
Hartlepool  is  made,  and  extension  and  deepening  of  the 
Seaham  Docks  is  completed,  there  is  every  probability  that 
other  large  Collieries  will  be  sunk  at  various  places  along  the 
coast  southward,  which  will  not  only  open  out  a  large  area 
of  under-sea  coal  (probably  from  eight  to  ten  miles  between 
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north  and  south,  but  will  enable  them  to  work  a  large  area 
of  inland  coal  (about  two  miles  in  width)  which  cannot  at 
present  be  economically  worked  to  the  dip  of  the  existing 
Collieries.  This  large  virgin  coalfield  between  Seaham  and 
Hartlepool  is  already  being  prospected,  and  when  opened 
out  will  find  a  convenient  shipping  place  at  the  above- 
mentioned  docks,  where  vessels  up  to  5,000  tons  burden 
may  then  be  loaded. 

Proceeding  northward  along  the  coast  from  the  River 
Wear,  I  understand  that  at  Monkwearmouth  and  Marsden 
(Whitburn)  Collieries  the  workings  have  reached  a  distance 
of  about  three-fourths  of  a  mile  under  the  sea;  but  I  am 
unable  to  say  if  they  have  removed  any  pillars  or  worked 
any  longwall  in  that  direction. 

3f  orth  of  the  River  Tjme,  both  North  Seaton  and  Cambois 
Collieries  are  working  coal  imder  the  sea  to  about  the 
above-mentioned  distance  and  at  a  depth  of  60  fathoms,  in  a 
seam  varying  from  four  feet  to  six  feet  in  thickness. 

At  Cambois  they  are  working  longwall,  and  drive 
headings  100  yards  in  advance  of  the  working  face  to 
ascertain  the  existence  of  any  fault  or  break  in  the  strata. 

They  leave  20  yards  of  coal  next  to  faults  whose  throw 
exceeds  six  yards  or  cheeks  are  more  than  two  feet  apart. 
The  main  roads  are  protected  by  barriers  of  coal  50  yards 
wide,  and  side  roads  by  20  yard  barriers;  such  barriers  may 
be  extracted  when  no  longer  required. 

For  illustration  of  what  has  been  worked  imder  the 
limestone  and  sand  feeders,  I  herewith  give  particulars  of 
some  of  the  principal  Collieries,  as  near  on  a  line  as 
possible,  from  Monkwearmouth  on  the  north  to  Eelloe  and 
Garmondaway  on  the  south,  then  east  of  Castle  Eden 
Colliery,  being  all  situated  in  the  Coimty  of  Durham. 
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The  annexed  sections  are  taken  from  tlie  '^  Sections  of 
Strata  in  Northumberland  and  Durham,"  published  by  the 
North  of  England  Institute  of  Mining  Engineers.  They 
show  the  thickness  of  strata  from  the  surface  to  the  bottom 
of  the  above-named  feeders  of  water ;  also  the  proximity  of 
the  various  coal  seams  underlying. 

The  marl  slate  is  not  mentioned  in  any  of  the  northern 
sections  of  strata  that  I  have  met  with ;  but  what  I  under- 
stand to  be  the  marl  slate,  and  have  placed  it  in  that 
position,  is  the  mention  in  some  of  the  sections  of  the  '^blue 
limestone"  or  **blue  metal,"  immediately  overlying  the 
the  sand.  It  is  occasionally  called  the  ''fish  bed,"  but  more 
frequently  omitted  altogether. 


MONKWEARMOUTH    CoLLlERY. 


100  feet  above  Sea  Level. 


Surface  or  Alluvial  deposit 
Limestone  and  Marl 
Marl  Slate  (Fish  Bed) 
Sand  (Lower  New  Red). 


Ft.    In. 


Ft.    In. 
117     0 

199     7 

8  10 
5    0 


To  bottom  of  Umestone  and  sand  feeders 

Further  to  the  supposed  6/4 
seam  but  is  not  so  named 
in  the  section       4    6 

Further  to  the  Main  Coal  seam  2  11 
„  Maudlin  seam..  5    6 

„  Low  Main  seam  (supposed)      — 

„  Hutton  seam. .  4    6 

„  Harvey  seam..  3    1 

Estimated  to  Busty  seam 

„  Brockwell 150 


Depth  from 
Surface. 
Ft.    In. 


330    5 


749 

9  . 

.  1,080  2 

415 

9  . 

.  1,495  11 

98 

1  . 

.  1,594  0 

131 

* 

0  . 

.  1,725  0 

178 

4  . 

.  1,903  4 

150 

0  . 

.  2,053  4 

150 

0  . 

.  2,203  4 
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The  Maudlin  and  Hutton  seams  liave  been  extensively 
worked  at  this  Colliery  for  many  years,  and  both  seams  have 
been  goafed  in  a  vertical  line  over  many  acres  inland.  The 
upper  and  lower  seams  do  not  appear  to  have  been  touched. 


SiLKswoRTH  Colliery. 
240  feet  above  Sea  Level.  Depth  from 

Surface. 
Ft.    In.  Ft.    In.  Ft.    In. 

Surface  or  Alluvial  deposit      .  .      . .        4    0 

Limestone  and  Marl     311    6 

Marl  Slate 2    6 

Sand 7    0 

To  bottom  of  the  feeders 325    0 

Further  to  the  supposed 

5/4  seam.  .  4    2  . .  794    7  . .  1,119  7 

„           Main  Coal    . .     —     . .  —        ,  .        — 

Maudlin    5    9  ..  499    2  ..  1,618  9 

Low  Main    ..33..  35..  1,622  2 

„          Hutton     4    4  . .  118    4  . .  1,740  6 

This  Colliery  does  not  join  the  coast,  but  has  been 
extensively  worked  inland  in  the  Maudlin  and  Hutton 
seams,  both  being  goafed  in  a  vertical  line  over  a  consider- 
able area. 

None  of  the  other  seams  have  yet  been  touched. 

There  are  three  upper  seams  mentioned  in  the  section  and 
much  doubt  exists  as  to  their  identity :  The  first  is  f  oimd  at 
a  depth  of  680  feet  from  the  surface  and  is  3  feet  5  inches 
in  thickness,  another  at  798  feet  which  ia  5  feet  1^  inches 
in  thickness,  and  the  above  mentioned  or  supposed  5/4 
seam  which  is  met  with  at  1,119  feet  7  inches  from  the 
surface. 
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Ryhopb  Colliery. 
195  feet  above  Sea  Level.  Depth  from 

Surface. 
Ft.    In.  Ft.    In.  Ft.    In. 

Surface  or  Alluvial  deposit      . .     .  .       19    0 

Limestone  and  Marl       206    5 

Marl  Slate 11 

Sand  (2,600  gallons  of  water  per  min.)      96    6 


To  bottom  of  the  feeders 323    0 

Further  to  the  5/4  seam     .  .    4    2  .  .    650    4  . .      973    4 


Main  Coal  . . 

4    6.. 

264 

0 

..  1.227 

4 

Maudlin .... 

7    2.. 

300 

8 

..  1,528 

0 

Low  Main  . . 

211  .. 

67 

9 

..  1,685 

9 

Hutton   .    . . 

3    9.. 

44 

4 

..  1,630 

1 

A  very  considerable  area  of  both  Maudlin  and  Hutton 
seams  have  been  worked  and  goafed  in  a  vertical  line  inland 
at  this  Colliery.     The  pillars  left  are  40  by  30  yards. 

The  workings  in  the  Maudlin  seam  have  been  extended 
imder  the. sea  for  over  a  mile  from  low  water  mark,  and  over 
400  acres  of  goaf  have  been  formed.  The  estimated  depth 
from  the  bottom  of  the  sea  to  the  Maudlin  seam  is  about 
1,830  feet. 

The  under-sea  workings  are  still  progressing  in  the 
Maudlin,  but  nothing  has  yet  been  done  under  the  sea  in  the 
Hutton  seam. 

The  magnetic  line  of  dip  at  Ryhope  is  found  to  be 
S.  75  E.,  and  the  gradient  about  1^  inches  to  the  yard,  but 
the  last  400  yards  driven  in  the  Maudlin  the  seam  has  been 
rising  at  about  J-inch  to  the  yard.  This  would  appear  to  be 
a  mere  local  uprising  until  a  f aidt  has  been  met  with  but 
not  yet  proved ;  all  the  surroimding  circumstances  woidd 
indicate  that  the  fault  is  a  dipper  to  the  east. 
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Depth  from 
Surface. 
Ft.    In. 
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Seaham  Colliery. 

220  feet  above  Sea  Level. 

Ft.    In.  Ft.    In. 

Surface  or  Alluvial  deposit      . .     . .      66    0 

Limestone  and  Marl     448    9 

Marl  Slate 4    2 

Sand  (over  6,000  gals,  of  waterper  min.)        6    0 

To  bottom  of  the  feeders 514  11 


Further  to  the  5/4  seam 
Main  Coal 
Maudlin 
Low  Main 
Hutton 
Harvey 
Busty,  includ- 
ing 3  bands 
of  2ft.  Sin... 


2  10 


628  5 
166  0 
61  10 
66  6 
100  4 
160  0 


1,143 
1,309 
1,361 
1,427 
1,628 
1,688 


6  7  ..  109  0  ..  1,797  0 


A  very  large  area  of  coal  has  been  worked  inland  at  this 
Colliery  in  both  Main  Coal,  Maudlin,  Low  Main,  and  Hutton 
seams,  and  in  several  places  all  the  four  seams  have  been 
goafed  in  a  vertical  line. 

The  workings  in  the  Maudlin  seams  have  been  extended 
imder  the  the  sea  for  about  one  mile,  and  about  86  acres  of 
goaf  have  been  formed ;  there  has  also  been  12  pillars,  each 
40  by  30  yards,  taken  out  in  the  Hutton  seam  under  the 
Maudlin  goaf.  The  imder-sea  workings  are  still  progressing, 
and  the  estimated  depth  from  the  bottom  of  the  sea  to  the 
Maudlin  is  1,830  feet. 

The  Magnetic  Une  of  dip  is  S.  58.E.,  and  the  gradient 
about  1  in  18.  Here  also  while  driving  in  the  No.  2  pit, 
Hutton  seam,  about  the  last  400  yards  the  seam  has  been 
rising  at  the  rate  of  2  to  2^  inches  to  the  yard,  this  woidd 
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also  appear  to  be  a  local  uprising  of  the  strata  which  is  no 
doubt  due  to  their  approaching  the  same  fault  as  met  with 
on  this  line  at  Ryhope  Colliery. 


MURTON   CoLLIER\ 

^ 

367  feet  above  Sea  Level. 

Ft    In            Ft. 
Surface  or  Alluvial  deposit      . .     . .      33 

In. 

0 

Depth  from 
Snifwe. 
Ft.  In. 

Limestone  and  Marl     

417 

1 

Marl  Slate 

2 

27 

0 
8 

Ai  m  *»■  ^        ^_^^«Mr«/x^       ■•                   •■                   WW                  ■•                   •»                   •• 

8and,( West  pit,  26ft. ;  East  pit,  34ift. ;) 
Middlepit,  27ft.  Sin 

To  bottom  of  the  feeders. .     . . 

.  • 

479     9 

Further  to  the  6/4  seam    . .    4    9  . . 
Main  Coal  ..62.. 

582 
157 

3  .. 
2  .. 

1,062    0 
1,219    2 

„            Maudlin     .  .     1    1   .  • 

— 

„           Low  Main  . .    4    7  . . 

143 

2  .. 

1,362    4 

„           Hutton       ..    6    2  ... 

108 

2  .. 

1,470    6 

„           Harvey       ..2    8.. 

154  10  .. 

1,625    4 

The  Low  Main  and  Hutton  seams  have  been  extensively 
worked,  and  goaf ed  in  a  vertical  line  over  a  very  large  area. 
The  6/4  and  Main  Coal  seams  have  been  only  partially 
worked. 

This  was  one  of  the  most  difficult  and  expensive  winnings 
on  the  north  east  coast,  the  feeders  of  water  encountered  in 
sinking  through  the  limestone  and  sand  were  estimated  at 
over  10,000  gallons  per  minute. 

A  very  interesting  paper  on  the  winning  of  this  colliery 
by  the  late  Mr.  Edward  Potter  (the  Viewer)  will  be  found 
at  page  43,  Volume  6,  of  the  Transactions  of  the  North  of 
England  Institute  of  Mining  Engineers. 
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Haswell  Colliery. 

460  feet  above  Sea  Level.  Depth  from 

Surface. 
Ft.    In.  Ft.    In.  Ft.    In. 

Surface  or  Alluvial  deposit        . .      .  .       18    7 

Limestone  and  Marl        259  11 

Marl  Slate 24    8 

Sand — 

To  bottom  of  the  feeders 303    2 

Further  to  the  5/4       .  .     .  .    3    6  .  .    246    2  .  .    549    4 
Main  Coal,  3ft.  to  4ft.  .  .      98    1   ..    647    5 
„  Maudlin        . .      —     .  .        —       .  .      — 

Low  Main  .  .  3  7  . .  155  7  . .  803  0 
Hutton. .  .  .  5  5  .  .  119  0  . .  922  0 
There  was  no  sand  met  with  in  sinking  the  present 
Haswell  shafts,  but  in  a  previously  attempted  winning  a 
little  to  the  north,  at  a  depth  of  38  fathoms  a  bed  of  sand 
114  feet  in  thickness  was  met  with,  which  contained  such 
a  large  quantity  of  water  that  the  sinking  had  to  be 
abandoned. 

All  the  above-mentioned  four  seams  have  been  extensively 
worked  at  this  Colliery,  and  large  areas  of  goaf  have  been 
formed  in  a  vertical  line  in  aU  seams. 

The  5/4  seam  which  is  nearest  to  the  limestone  has 
been  extensively  worked  by  the  longwall  system  over  the 
other  goafs,  but  none  of  the  feeders  have  been  tapped. 

"Wheatley  Hill  Colliery. 

410  feet  above  Sea  Level.  Depth  from 

Surface. 
Ft.    In.  Ft.    In.  Ft.    In. 

Surface  or  Alluvial  deposit      .  .      ,  .      72    0 

Limestone  and  Marl      288    0 

Marl  Slate 18 

Sand        18    0 

To  bottom  of  the  feeders        379    8 

13b 
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Depth  from 
Sarface. 

Ft    In.            Ft.    In. 

Ft.    In. 

Further  to  the  5/4  seam    . 

.      4     0    .  .      279      1 

.  .        658     9 

Main  Coal  , 

.34..      91    3 

..      750    0 

Maudlin 

—      .  •         — 

— 

Low  Main 

. .    3    0  ..    122    0 

..      872    0 

Hutton 

. .    3    2  . .    120    3 

..      992    3 

Harvey 

. .    3    8  . .    147  11 

..   1,140  -2 

Busty. . 

..40..      36    2 

..   1,176    4 

In  sinking  through  the  sand  it  was  found  to  be  soft  and 
watery,  but  did  not  run  in  the  shaft. 

The  5/4  and  Main  Coal  seams  have  been  largely  worked  at 
this  CoUiery,  and  both  goafed  in  a  vertical  line.  They  are 
now  extending  the  Harvey  seam  workings  under  the  other 

Thornley  Colliery. 
500  feet  above  Sea  Level, 


Surface  or  Alluvial  deposit 
Limestone  and  Marl 

Marl  Slate 

Sand         


Ft.    In. 


To  bottom  of  the  feeders     .  . 
Further  to  the  5/4  seam    ..35 
Main  Coal  ..29 
„  Maudlin      .  .      — 

„  Low  Main  ..30 

„  Hutton        ..32 

„  Harvey       ..38 

This   CoUiery   has  been   extensiv 
seams. 

Over  the  greater  part  of  the  Royalty  three  of  the  seams 
have  been  worked  and  goafed  in  a  vertical  line. 

In  one  part  of  the  Royalty  for  over  more  than  100  acres 
four  of  the  seams  have  been  worked  and  goafed  in  a  vertical 
Une. 


Tel. 

Ft. 

18 

In. 

0 

Surbce. 
Ft.   In. 

135 

0 

1 

6 

36 

0 

.. 

.     190    6 

316 

3 

. .    606    9 

107 

8 

,.     614    5 

125 

0 

.'    739    5 

126 

2 

. .    865    7 

128 

6 

.  .    994    1 

cly   worked  in  all  the 
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And  in  several  small  parts  of  the  mine  all  the  above- 
named  five  seams  have  been  worked  and  goafed  in  a  vertical 
Une  without  bringing  down  any  of  the  sand  or  limestone 
feeders  of  water. 

Kelloe  (East  Hetton)  Colliery. 


4^0  feet  above  Sea  J 

Ft.   In. 
Surface  or  Alluvial  deposit 
Tjimestone  and  Marl       

Lievei. 

Ft.   In. 

7    2 

150     0 

Depth  from 
Surface. 
Ft.    In. 

The  Sand  is  not  mentioned  in  section. 

To  bottom  of  the  feeders  .  .     . 

•  ■ 

..    157    2 

Further  to  the  5/4  seam    ..46. 
Main  Coal  .  .    4     7  .  . 

.    184    8 
45    6 

..    34110 
..    387    4 

„           Low  Main  ..24. 

148  10 

..    536    2 

Hutton        . .    2  10  .  . 

135    8 

. .    671  10 

Harvey       .  .    3     6  .  . 

136  11 

..    808    9 

This   Colliery    is   about    2i  miles 

weat  of 

the    before 

mentioned  Trimdon  ColKery,  and  although  there  was  no  «and 
met  with  in  the  sinking  there  were  heavy  feeders  of  water 
from  the  limestone. 

Garmondsway  Colliery. 
402  feet  above  Sea  Level.  Depth  from 

Surface. 
Ft.    In.  Ft.    In. 

Surface  or  Alluvial  deposit       .  .      .  .      27     6 

Limestone  and  Marl       275     6 

No  mention  of  Sand  in  section. 


To  bottom  of  the  feeders 303    0 

Strata 86     2  ..    389    2 

Coal    Seam    (worked    and    originally 

named  the   5/4,   but  proved  to  be 

the  Harvey)         4  10  ..    394    0 

Strata 36     4  ..    430    4 

Coal,  4in.  band  in  middle  (not  worked, 

originally  named    Main    Coal,   but 

proved  to  be  the  Busty)      4     3,.    434    7 
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This  Colliery  is  situated  on  the  Eelloe  Royalty  and  is 
about  2,500  yards  to  the  south  and  west,  and  not  far  from 
the  "  Butterknowle  Dyke  "  or  Southern  outcrop. 

As  previously  mentioned  there  was  not  a  large  quantity 
of  water  met  with  in  sinking  the  pits  in  the  Trimdon  and 
Eelloe  district,  but  it  was  found  necessary  to  line  out  the 
shafts  with  metal  tubbing  to  the  bottom  of  the  Permian. 

On  a  reference  to  the  accompanying  sections  of  strata  it 
will  be  found  that  at  the  Eelloe  or  East  Hetton  Collierj', 
the  5/4  seam  is  worked  at  a  depth  of  185  feet  below  the 
sand  feeders.  This  beiug  the  northernmost  of  this  range  of 
pits,  there  was  a  larger  quantity  of  water  met  with  in 
sinking,  apparently  from  the  limestone,  as  the  sand  is  not 
mentioned  in  the  section. 

At  Trimdon  Grange  Colliery  the  5/4  seam  is  worked  at  a 
depth  of  190  feet.  At  Trimdon  it  is  worked  at  a  depth  of 
60  feet,  and  at  Deaf  Hill  at  a  depth  of  133  feet  below  the 
sand  feeders.  The  lower  seams  are  also  worked  at  all  these 
Collieries,  most  of  them  in  a  vertical  line. 

It  will  be  seen  on  referring  to  the  plan  that  these 
Collieries  are  all  pretty  close  together,  Garmondsway  being 
the  furthest  to  the  south. 

The  surface  at  Eelloe  is  23  feet  above  the  surface  at 
Garmondsway  pit.  The  5/4  seam  at  Eelloe  is  found  at  a 
depth  of  342  feet  from  the  surface,  rising  rapidly  to  the 
south,  and  is  cut  off  under  the  Permian  before  reaching 
Garmondsway ;  all  the  other  seams  are  rising  at  the  same 
angle,  as  delineated  on  the  accompanying  sketch. 

At  Garmondsway  there  is  a  seam  of  coal  4ft.  lOin.  thick 
found  at  a  depth  of  394  feet  from  the  surface,  which  was  the 
only  one  worked,  and  was  commonly  called  the  5/4  seam, 
but  has  proved  conclusively  to  be  the  Harvey  seam. 

There  is  another  seam  of  4ft.  3ins.,  with  4ins.  of  band  in 
the  middle,  found  at  a  depth  of  430  feet  from  the  surface 
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which  was  not  worked,  and  was  usually  thought  to  be  the 
Main  Coal  seam,  but  has  proved  to  be  the  Busty  seam,  both 
dipping  rapidly  towards  Kelloe  Colliery. 

There  was  always  a  diversity  of  opinion  as  to  the  identity 
of  these  seams,  being  the  first  workable  seams  met  with 
under  the  Permian. 

The  Garmondsway  pit,  from  the  great  inclination  of  its 
seam  and  the  quantity  of  water  met  with,  was  not  much 
worked,  and  it  has  been  abandoned  for  a  great  many  years. 

During  recent  years  the  Harvey  seam  has  been  extensively 
worked  at  the  Eelloe  Colliery,  and,  as  previously  described,  it 
has  been  proved  beyond  doubt  that  the  upper  or  4ft.  lOins. 
seam  worked  at  Garmondsway  Colliery  is  the  Harvey  seam, 
the  Kelloe  pit's  workings  having  approached  to  within  a 
distance  of  200  yards  of  the  old  Garmondsway  pit  workings. 

The  lower  or  4ft.  Sins,  seam  proved  at  Garmondsway  has 
not  been  sunk  to  at  the  Kelloe  pit,  but  it  is  undoubtedly  the 
Busty  seam. 

The  enclosed  sketch  gives  a  fair  view  of  the  position  of 
the  various  coal  seams  and  how  they  are  cut  off  imder  the 
Permian  from  Kelloe  towards  Garmondsway,  and  may  be 
taken  as  a  fair  representation  of  the  cutting  off  of  the  whole 
of  the  coal  seams  and  measures  along  the  southern  edge  of 
the  Durham  Coalfield. 

Trimdon   Grange   Colliery. 

600  feet  above  Sea  Level.  Depth  from 

Surface. 
Ft.    In.  Ft.     In.  Ft.    In. 

Surface  or  Alluvial  deposit        .  .      ,  .       65    8 

Limestone  and  Marl 181    4 

Marl  Slate  (evidently  not  noticed)      .  .        — 

Sand 4    2 


To  bottom  of  the  feeders 251    2 
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Further  to  the 

\  6/4  seam 

Ft.    In. 
..3    9.. 

Ft.    In. 
108  11 

Depth  from 
Surface. 
Ft.    In. 

..      360     1 

Main  Coal 

..4    9.. 

90    6 

..    450    7 

Maudlin  .  . 

—     .  . 

— 

— 

Low  Main 

..3    6.. 

132    7 

..    583    2 

Hutton    .  . 

. .     1  10  . . 

132    6 

..    715    8 

Harvey.  . 

..3    7.. 

14111 

..    857    7 

The  5/4  Main  Coal,  Low  Main,  and  Harvey  Seams 
have  all  been  extensively  worked  and  goafed  in  a  vertical 
line  at  this  Collier}\ 

The  seams  at  this  Colliery  rise  towards  the  South  and 
terminate  against  the  bottom  of  the  limestone. 

The  Manager  of  this  mine,  a  gentleman  of  long  experience 
in  the  district,  informs  me  that  he  has  never  met  with  the 
sand  feeder  while  working  coal  at  a  depth  of  30  fathoms 
below  the  sand,  which  he  has  frequently  done  both  in  the 
whole  and  brokens. 

Trimdon   Colliery. 


502  feet  abo 
Surface  or  Alluvial  Deposit 

ve  Sea  L 

Ft.    In. 

evel. 

Ft.    In. 
33    0 

Depth  trum 
Hortace. 
Ft.  -In. 

Limestone  and  Marl.  .     .  . 

.  .      .... 

291    6 

Marl  Slate 

1    6 
20  10 

Sand 

•  .      *  . 

To  bottom  of  the  feeders 

,   , 

.  .     346  10 

Further  to  the  5/4  seam    .  . 

3    7.. 

69  11 

.  .    406    9 

„              Main  Coal  .  . 

5    0.. 

104    0 

.  .    610    9 

„              Low  Main.  . 

3    7.. 

143    7 

.  .    654    4 

„              Hutton  .... 

2    4.. 

128    5 

. .    782    9 

„              Harvey 

3    7.. 

140    8 

. .    923    5 

The    5/4    Seam    is    extensively   worked   at 

the    above 

ColUery  at  60  feet  below  the  feeders  as  alluded  to. 
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Deaf  Hill  Colliery,  1892. 


518  feet  abo 
Surface  or  Alluvial  deposit 

ve  c^ea  Le^ 
Ft.    In. 

rel. 

Ft.    In. 

69    2 

Depth  from 
Surface. 
Ft.    In. 

Limestone  and  Marl.  .     .  . 

•    •             ...    a 

270    4 

Marl  Slate 

4    5 
7    5 

Sand,  not  much  water 

To  bottom  of  the  feeders 

•    • 

..     361     4 

Further  to  the  5/4  seam 

„             Main  Coal  .  . 

3    7.. 
3  10  .. 

133    6 
99  10 

. .    484  10 
..    684    8 

„            Low  Main  ,  . 

3    6.. 

130    1 

. .    714    9 

„             Hutton    .... 

2    5.. 

117    4 

..    832    1 

Harvey 

3    1  .. 

135    2 

. .    967    3 

This  Colliery  is  a  short  distance  north  of  Triradon  Colliery. 
There  was  not  much  water  met  with  in  sinking,  and  the 
5/4  seam  is  extensively  worked  at  133  feet  below  the 
feeders ;  also  the  Main  Coal,  Low  Main,  and  Harvey  seams. 


WiNGATE  Grange  Colliery. 
400  feet  above  Sea  Level. 


Surface  or  Alluvial  deposit 
Limestone  and  Marl 

Marl  Slate 

Sand 


Ft.    In. 


To  bottom  of  the  feeders 


Further  to  the  5/4  seam  ..41..  91  10 

Main  Coal  ..50..  90  10 

Maudlin  .  .      — 

Low  Main  .  .    3    2  . .  124    7 

Hutton..  ..    2    8  ..  115    1 

Harvey  .  .    3    8  .  .  144  11 

The  manager  informs  me  that  the  5/4,  Main  Coal,  Low 
Main,  and  Harvey  seams  have  all  been  extensively  worked 
and  goafed  in  a  vertical  line  without  bringing  down  any  of 


Ft. 

87 

262 

5 

1 


In. 
0 

0 
6 
2 


Depth  from 
Surface. 
Ft.    In. 


355 

8 

447 

6 

638 

4 

662  11 

778 

0 

922  11 
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the  feeders ;  further,  that  the  feeders  are  unequally  distri- 
buted over  the  district,  but  certainly  give  unequivocal  signs 
of  their  presence. 

The  existence  of  large  faults  should  be  regarded  with 
suspicion,  as  in  his  experience  of  the  district  many  of  these 
undoubtedly  extend  into  the  Permian,  and  in  a  great 
number  of  instances  are  the  seat  of  cavities  which  com- 
municate along  the  line  of  disturbance,  and  if  approached 
too  nearly  would  cause  disaster,  while  operations  a  few  yards 
away  might  pass  unharmed. 

Many  years  ago,  and  before  the  South-East  Coalfield  was 
much  explored,  while  prosecuting  the  workings  in  the 
5/4  seam  to  the  south  of  the  shaft,  they  suddenly  came  upon 
the  outcrop  close  to  the  sand  and  met  with  a  considerable 
quantity  of  water.  Strong  dams  were  at  once  put  in  which 
effectually  kept  the  water  back,  and  this  district  and  south 
side  workings  gentrally  were  abandoned. 

HuTTON  Henry  Colliery  (North  of  Marley  Pit). 

400  feet  above  Sea  Level.  Depth  from 

Sarface. 
Ft.    In.  Ft.    In. 

Surface  or  Alluvial  deposit        .  .     . .    190    8 

Limestone  and  Marl       248    4 

Marl  Slate 19 

Sand  (hard)      14    3 

To  bottom  of  the  feeders 455    0 

Further  to  Low  Main — 

Ft.  In.       Ft.  In.  Ft.   In.  Ft.    In. 

Coal  ..2  6 
Band  ..24 
Coal    ..2    2 

. .    7    0  . .    139    5  . .    694    6 

Further  to  Button      . .     ..33..      95    8  ..    690    1 
„         Harvey,lin.band, 

inmiddle      .  .    5    3  . .    141    4  . .    831    5 
„  Busty,  two  small 

bands    ..     ..3    1..      13  11  ..    845    4 
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Perseverance  Pit  (about  500  yards  South  of  Marley  Pit). 

420  feet  above  Sea  Level.  Depth  from 

Surface. 
Ft.    In.  Ft.    In.  Ft,    In. 

Surface  or  Alluvial  deposit        . .      .  .     128    0 

Limestone  and  Marl        311  11 

Marl  Slate 0  10 

Sand 35    0 

To  bottom  of  the  feeders 475    9 

Further  to  Low  Main  (denuded)      .  .        —      .  .  — 

Hutton      .  .     . .    3    3  .  .    185    0  .  .  660    9 
„         Harvey,2in.band, 

middle  . .     . .    5    7  . .    145  10  . .  806    7 
„          Busty,  two  small 

bands,  7in.    . ,    3    9  . .      10    6  ..  817    1 

Sunk  further 118    8  ..  935    9 

Bored  further       57    4  ..  993    1 

No  other  workable  seam  met  with. 

The  upper  seams  appear  to  have  been  denuded  down  to 
the  Low  Main  at  the  Marley  pit,  and  down  to  the  Hutton 
Seam  at  the  Perseverance  pit.  The  Coal  Measures  rise 
to  the  south,  where  they  crop  out  or  run  into  the  newer 
rocks  a  little  to  the  South  of  the  old  Hartbushes  or  South 
Wingate  Shaft,  which  is  437  feet  above  sea  level.  The 
"  Butterknowle  Dyke  "  is  known  to  pass  in  front  of  them  at 
Black  Hurworth,  about  600  yards  to  the  south  of  this  Shaft, 
but  it  has  not  been  proved  by  any  of  the  workings. 

In  working  the  Hutton  and  Harvey  seams  to  the  south  of 
the  pits  the  measures  appear  to  have  thinned  off  more 
rapidly  than  anticipated,  and  such  large  feeders  of  water, 
apparently  from  the  limestone  and  sand,  were  met  with  that 
the  Colliery  was  eventually  abandoned. 

In  comparing  the  sections  of  Wingate  Grange,  about 
one  mile  to  the  N.W.,  and  Castle   Eden,  about  1^  miles 


386 


THOMAS   BILL,    H.E.»    OK 


[Dec.,  1899, 


N.E.  from  Hutton  Heniy,  it  will  be  seen  that  all  the  seams 
from  the  5/4  downward  have  been  met  with  in  the  two 
former  sections,  whilst  at  this  Colliery  (Hutton  Henry) 
nothing  was  found  down  to  the  Low  Main  at  the  North,  or 
Marley  pit,  which  would  point  to  some  disturbance  of  the 
strata  between  places,  probably  a  split  off  the  "Butterknowle 
Dyke''  taking  place  in  the  neighbourhood  of  Garmondsway 
Moor  old  pit  and  running  down  the  valley  as  shown  on  the 
accompanying  plan. 

Castle  Eden  Colliery. 


620  feet  ab< 
Surface  or  Alluvial  deposit 

JVC 

Ft. 

Hea  L 
In. 

©vel. 

Ft. 

13 

In. 

6 

Depth  from 
Surlace. 
Ft.    In. 

Limestone  and  Marl 

•  • 

.     •     a    • 

619 

1 

Marl  Slate 

0 
12 

10 
0 

*«^  »^*  1^    ^^A%Mt%r\^       ••           «•           •■           •• 

Sand 

To  bottom  of  the  feeders 

— 

..    645    5 

Further    to   the    5/4    seam 

(only  partly  worked) 

4 

4  .. 

69 

6 

..    71411 

Further  to   the   Main  Coal 

(only  partly  worked) 

5 

6  .. 

43 

0 

..    76711 

Further  to  the  Maudlin     .  • 

1 

8  .. 

46 

8 

. .    804    7 

Further  to   the  Low   Main 

(extensively  worked) 

4 

9  .. 

106 

5  , 

. .    911    0 

Further  to  the  Hutton  (only 
partly  worked)        . .      .  . 

3 

9  .. 

126 

9 

..1,037    9 

Further  to  the  Harvey  (not 
worked) 

3 

0  .. 

164 

3 

..1,202    0 

This  Colliery  has  been  subject  to  sudden  outburts  of  water 
while  working  the  Low  Main  seam  to  the  south  of  the 
Royalty  approaching  the  outcrop  previously  mentioned  ;  the 
feeders  have  generally  run  off  in  a  few  months,  but  the  last 
one  met  with  while  removing  some  pillars  in  the  South  or 
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Halam  district,  said  to  be  from  1,500  to  2,000  gallons  per 
minute,  and  being  in  an  imfavourable  district  for  drainage, 
was,  for  the  want  of  efficient  pumping  machinery  the  means 
of  drowning  out  the  Colliery. 

Although  extensive  goaves  have  been  formed  in  the  Low 
Main  seam,  only  a  short  distance  north  of  the  above-named 
outbursts  of  water,  they  have  not  brought  down  any  of  the 
sand  feeders  into  the  workings. 

The  Magnetic  line  of  dip  at  this  Colliery  is  N.  77  E.,  and 
the  angle  about  1  in  18. 

There  are  also  several  other  large  Collieries  which  have 
been  sunk  through  and  extensively  worked  in  various 
seams  under  the  Permian,  and  may  be  considered  us  being 
in  the  most  dangerous  part  of  this  water-bearing  strata, 
without  having  brought  down  any  of  the  above-mentioned 
feeders,  viz. : — Hetton,  Eppleton,  Elemore,  South  Hetton, 
Shotton,  Ludworth,  and  others. 

In  addition  to  the  above  a  number  of  Collieries  have  been 
sunk  close  to  the  outcrop  or  Bassett  edge  of  the  limestone, 
and  although  many  of  them  may  have  escaped  the  feeders  in 
the  actual  sinking,  the  workings  have  been  freely  extended 
imder  the  Permian,  notably  the  following : — 

Herrington  Colliery. — This  is  a  comparatively  new 
winning,  worked  under  the  limestone  hills  of  Newbottle  and 
OffertoD,  and  adjoining  Silksworth  Colliery.  There  was  no 
limestone  met  with  in  sinking  the  pits.  The  5/4  seam  was 
met  with  at  125  fathoms.  Main  Coal  at  138,  Maudlin  at  146, 
Low  Main  162,  aud  Hutton  seam  at  170  from  surface. 

Pensher  Colliery  (Whitefield  Pit). — Sunk  close  to 
the  Permian  outcrop,  but  there  was  no  limestone  or  sand 
feeder  met  with  in  the  sinking.  This  is  an  old  pit,  and  has 
been  extensively  worked  in  several  seams  under  the  lime- 
stone. Depth  to  the  5/4  or  first  workable  seam  80  fathoms, 
and  to  the  Hutton  seam  123  fathoms  from  the  surface. 
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Newboti'Le  Collieries. — The  Dorothea  Pit  and  the 
Margaret  Pit  are  both  sunk  close  to  the  Permian  outcrop, 
but  no  limestone  was  met  with  in  the  sinkings. 

The  Dorothea  Pit  is  81  fathoms  to  the  5/4  seam  and 
129  fathoms  to  the  Hutton  seam.  The  Margaret  Pit 
sinking  was  similar  to  the  Dorothea,  and  the  depth  to  the 
5/4  seam  is  69  fathoms,  and  116  fathoms  to  the  Hutton 
seam.  They  are  both  old  pits,  and  have  been  extensively 
worked  under  the  Permian  in  all  the  seams. 

The  Houghton  Pit  of  the  same  Collieries  is  sunk  just 
under  the  limestone  escarpment,  but  clear  of  both  the  lime- 
stone and  sand  feeders,  which  do  not  appear  in  the  section. 
The  depth  to  the  5/4  seam  is  82  fathoms,  which  has  only 
been  partially  worked ;  the  depth  to  the  Hutton  seam  is 
134  fathoms.  The  Main  Coal,  Maudlin,  and  Low  Main  seams 
intervening,  have  all  been  very  extensively  worked  and 
goafed  under  each  other  under  the  limestone  without  any 
disturbance  of  the  feeders. 

North  Hettox  (Moorsley  Pit)  is  sunk  very  close  to 
the  outcrop ;  at  one  side  of  the  pit  there  was  six  feet  of  sand 
and  at  the  other  only  two  inches,  then  some  loose  broken 
limestone.  Depth  to  the  5/4  seam  34  fathoms,  and  to  the 
Hutton  seam  100  fathoms.  All  the  seams  have  been  worked 
and  goafed  under  the  limestone. 

PiTTiNOTON  Colliery  (Londonderry  Pit)  was  also  sunk 
on  the  edge  of  the  outcrop,  under  the  Pittington  Hills,  and 
on  the  opposite  side  of  the  valley  from  Littletown  ;  no  lime- 
stone was  met  with  in  the  sinking.  The  depth  to  the  5/4 
seam  is  40  fathoms,  and  to  the  Hutton  seam  is  90  fathoms. 
The  workings  were  chiefly  under  the  Permian,  and  two  or 
three  seams  have  been  goafed. 

Littletown  Colliery. — In  sinking  close  to  the  outcrop 
eight  feet  of  sand  was  met  with,  yielding  750  gallons  of 
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water  per  minute,  but  no  limestone.  The  depth  to  the 
5/4  seam  is  36  fathoms,  and  to  the  Hutton  seam  94  fathoms. 
There  are  two  or  three  seams  worked  and  goafed  under  the 
limestone. 

Sherburn  Hill  Colliery. — Also  sunk  on  the  edge,  but 
no  mention  is  made  in  the  section  of  limestone.  The  depth 
to  the  5/4  seam  is  38  fathoms,  and  to  the  Hutton  seam 
89  fathoms,  with  extensive  goaves  under  the  Permian. 

Cassop  Colliery. — ^Both  the  A  and  B  Pits  and  the  Vale 
Pit  are  sunk  in  the  Cassop  Valley,  and  close  to  the  lime- 
stone outcrop.  In  sinking  the  A  Pit  about  six  feet  of 
limestone  was  met  with  and  18  feet  of  sand,  containing 
much  water,  which  was  tubbed  back.  The  B  Pit,  which 
was  only  60  yards  off,  missed  the  sand  altogether.  The 
deptb  to  the  5/4  seam  is  57  fathoms,  and  to  the  Main  Coal 
71  fathoms. 

The  Vale  Pit,  situated  about  half  a  mile  west,  was  sunk 
close  to  the  clifiP  or  limestone  outcrop,  but  neither  limestone 
nor  water  were  met  with,  and  no  tubbing  was  required. 
The  depth  to  the  5/4  seam  is  35  fathoms,  and  to  the  Main 
Coal  51  fathoms.  Coal  was  worked  at  both  these  Collieries 
on  both  sides  of  the  valley,  and  largely  under  the  limestone, 
and  the  two  seams  were  extensively  goafed  above  each 
other. 

CoxHOE  Collieries. — These  Collieries  are  all  sunk  on  the 
west  edge  of  the  Heugh  Hall  limestone  outcrop,  and 
extensively  goafed  in  the  5/4  and  Main  Coal  seams  under 
the  Permian  at  a  depth  of  from  20  to  40  fathoms. 

The  foregoing  completes  my  notes  on  what  may  be  termed 
the  Collieries  on  the  north-east  coast.  The  following 
remarks  relate  to  the  Collieries  which  are  (or  have  been) 
working  under  the  limestone  from  the  Coxhoe  district  to 
the  Western  outcrop  of  the  Durham  Coalfield,  viz. : — 
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Thrtslington  Colliery. 

410  feet  above  Sea  Level.  Depth  from 

Surface. 
Ft.    In.  Ft.    In.  Ft.    In. 

Surface  or  Alluvial  deposit       .  .      .  .       10     0 

Limestone  and  Marl 114    0 

Marl  Slate  )  .       , .    «      . 

q     ,  I  not  mentioned  1X1  Section. 

To  bottom  of  the  feeders    —  . .  124  0 

Further    to    the    5/4    seam 

(denuded) —     ..  —  .•  — > 

Further   to   the   Old  Main 

Coal  Waate —     . .  55  6  ..  179  6 

Further  to  the  Low  Main . .  2     6  .  .  153  6  .  .  333  0 

„           Button  Seam  1  10  . .  95  5  ..  428  6 

„           Harvey  Seam  4    4  .  .  186  9  .  .  615  2 

Bored  to  Busty 2  11  .  .  137  4  .  .  752  6 

Bored  still  further      ..     ..  —     . .  187  9  . .  940  3 

This  Colliery  is  sunk  on  the  slope  of  the  Limestone  Hills, 
near  to  the  Ferry  Hill  old  blast  furnaces,  and  26  chains 
south  of  the  "  Butterknowle  Dyke." 

The  workings  have  hitherto  been  confined  to  the  Harvey 
seam  which  rises  rapidly  southward  to  a  vertical  height  of 
252  feet  above  the  level  of  the  shaft,  then  takes  a  turn  in 
the  opposite  direction,  descending  at  about  the  same  rate  of 
inclination  to  the  face  of  the  working  within  60  yards  of  their 
south  boundary,  and  was  there  found  to  be  about  40  feet 
below  the  level  of  the  seam  at  the  shaft,  there  were  found 
some  indications  of  another  rise  or  roll  setting-in  in  the 
direction  of  Bishop  Middleham  Colliery,  hereafter  referred 
to. 

A  stone  drift  was  driven  from  near  the  shaft,  about  1,400 
yards  in  length,  cutting  the  Harvey  seam  on  the  south  side, 
for  the  purpose  of  drainage  and  more  economical  haulage 
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from  the  far-oflF  districts ;  this  drift  cut  through  the  Busty 
seam  at  both  sides  of  the  roll,  showing  a  section  on  the 
north  side  of 


Coal 

Ft.   In.    Ft.  In. 
2  11 

Band     

6     9 

Coal 

1     9 

n  5 

And  on  the  Sonthsideof  Coal    . . 
Band   .. 

Ft.  In. 

2    6 
■         Top  Section. 

Coal    .. 

2     On 

Shale  .. 

0     6  f  Bottom  Section 

Coal     .. 

1   o) 

10     0 

Exploring  drifts  have  recently  been  driven  for  200  yards 
in  the  bottom  section  on  the  south  end  of  the  drift. 

About  500  acres  of  goaf  has  already  been  formed  on  the 
crown  of  the  hill  in  the  Harvey  seam  without  bringing 
down  any  feeder  of  water. 

Further  detail  will  be  found  on  the  enclosed  hand  sketch. 

Mainsforth  Colliery. 
275  feet  above  Sea  LeveL  DOT)thfrom 

Surface. 
Ft.    In.  Ft.    In.  Ft.    In. 

Surface  or  Alluvial  deposit 

Limestone  and  Marl      .  .^ 

Marl  Slate f  Heavily 

Sand  (hard,  but  somewhat!  watered. 

softer  at  bottom) . . ) 

To  bottom  of  the  feeders 223    2 

Further  to  the  5/4  Seam  ..46..  98  6  .  .  321  8 
Further  to  the  Main  Coal, 

4ft.  2in.  of  band  at  18in. 

from  top 9    4^. .      74    5  . .      396    1 
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Depth  from 
Surface. 
Ft.    In.  Ft.    In.  Ft.    In. 

Further  to  the  Maudlin    ..41..  76  10  .  .  472  11 

Low  Main.  .20..  68    7  . .  641  6 

Hutton      ..21..  912..  632  8 
Further  to  the  Harvey,  4in. 

of  band  at  18in.  from  top    5    1   .  .  220  10  .  .  853  6 
Bored  to  Busty,  4ft.  lOin.,  with  llin. 

of  band  in  middle  of  seam      ....  178    0  .  .  1,031  6 
Bored  further  to  the  Brock  well  Seam 

(see  following  Section)      . .     . .  90    2  ..  1,121  8 

Section  of  the  Brockwell  Seam,  as  bored  to: — 

Ft.  In.      Ft.  In. 

Coal 0  lOJ 

Soft  Shale  band 0    1 J 

Coal,  Splint 0    3 

Shale  with  scars  of  Coal      0    4 

Coal,  with  thin  Shaly  partings .  .      ..09 

Black  Shale,  some  Coal 0    3 

Coal 0    6 

Coal,  Cannel 0    3    * 

Coal,  good 13 

Band        0    2 

Coal,  good 0    3 

Coal,  Coarse,  and  Shaly  partings      .  .    0    1 J 

Shale  with  scars  of  •  Coal 0    1 J 

Coal,  with  Shale  * 0    3 

6    6 

This  Colliery  is  also  sunk  on  the  south  side  of  the 
"Butterknowle  Dyke,"  and  about  a  quarter  of  a  mile  south 
of  Ferry  Hill  Station,  on  the  North-Eastem  main  line  of 
Railway,  and  near  to  where  the  Lower  New  Red  Sandstone  is 
exposed  in  the  railway  cutting  a  little  north  of  the  station, 
called  Rudds  Hill. 

Yery  great  difficulty  was  experienced  in  sinking  this 
Colliery  in  consequence  of  its  being  so  heavily  watered.    The 
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winning  was  in  cloae  proximity  to  the  north  end  of  what  is 
known  in  this  U)cality  as  ''Morden  Carrs/'  and  no  doubt 
much  of  the  trouble  and  expense  was  due  to  the  copious 
percolation  of  the  water  through  the  open  fissures  of  the 
limestone. 

Only  one  of  the  shafts  was  got  down  to  the  Harvey  seam, 
and  a  drift  was  driven  about  200  yards  to  the  south  and 
stopped.  The  band  (see  sect.)  increased  to  6ins.  in  the  face. 
A  drift  was  also  driven  about  70  yards  north  from  the 
shaft,  where  the  band  disappeared  altogether. 

After  many  mcmths  of  anxiety,  disappointment,  and  very 
great  expense,  the  second  shaft  was  abandoned  in  the  lime- 
stone, and  all  operations  were  suspended,  and  eventually  the 
place  was  dismantled. 

Bishop  Middlbham  Colliert. 

300  feet  above  Sea  Level.  Depth  from 

surface. 
Ft.  Ins.  Ft.    Ina. 

Surface  or  Alluvial  deposit 30    0 

liimestone  and  Marl  (3,000  gallons  of 

water) 169    0 

Marl  Slate  ) 

o     .  >   not  mentioned  in  Section. 

Sand      .  .  ) 


To  bottom  of  the  feeders  . .  . .  —  .  •  199  0 
Further  to  a  Seam  of  Coal  marked  on 

Section   as   Hard    and    Good,   no 

name,  3ft.  lin 219    1   . .     418    1 

To  another  Seam  ("  lately  worked,")  no 

name  mentioned  on  Section,  2ft.  9in.  8  2..  426  3 
Bored  further,  several  thin  Seams  met 

with,  but  none  of  them  workable.  .902    9  . .  1,329    0 

This  Colliery  is  sunk  about  two  miles  south  and  east  of 
Mainsforth  Colliery,  being  still  further  to  the  south  of 
the  "  Butterknowle  Dyke,"  and  was  heavily  watered  in 
the  sinking. 
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They  first  oommenced  exploring  southward,  and  when  at 
about  300  to  400  yards  they  found  from  the  great  inclination 
of  the  seam  (about  4  ins.  to  the  yard  rise)  they  were  fast 
approaching  the  outcrop  at  the  base  of  the  limestone,  and  a 
large  quantity  of  water  was  met  with. 

The  workings  were  then  turned  in  a  northerly  direction 
at  the  same  steep  inclination  towards  the  Thirslington 
(yoUiery ;  the  expenses  of  working  and  pumping  were  found 
to  be  so  heavy  that  the  Colliery  had  eventually  to  be 
abandoned,  and  was  dismantled. 

There  seems  to  be  little  doubt  that  the  two  seams 
mentioned  in  the  above  Section  are  identical  with  those 
now  worked  at  Thirslington  Colliery. 

Chilton  Colliery. 

300  feet  above  Sea  Level.  Depth  from 

Siiilaoe. 
Ft.    In.  Ft.    In.  Ft.   In. 

Surface  or  Alluvial  deposit      . .     . .        7    4 

Limestone  and  Marl,  heavily  watered      53    0 

Marl  Slate,  not  mentioned       ....        — 

Sand,  yellow,  very  soft,  heavily  watered      69*  0 


To  bottom  of  the  feeders 129  4 

Further   to   the   5/4   seam    4 10  . .    254    3  . .  383  7 

Further  to  the  Main  Coal, 

split,  5ft.  6in.  band  .44..      72  10  . .  456  5 

Further  to  the  Low  Main  1  „     .    -- 

Tx  X.  r  Not  m  Section. 

„  Hutton  .  .  J 

Harvey....    4    4  . .    476    3  . .      932    8 

„  Busty,  split  up,  useless        —       . .        — 

Brockwell..    5    2  . .    268    0  . .  1,200    8 

This  Colliery,  sunk  on  the  south  side  of  the  "Butterknowle 
Dyke,"  is  situated  between  the  Mainsforth  and  Windlestone 
Collieries,  where  very  great  difficulties  were  experienced  in 
sinking  through  the  limestone  and  sand  feeders. 
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There  were  also  other  large  feeders  of  water  met  with  in 
the  lower  strata. 

The  5/4  and  Main  C!oal  seams  were  extensively  worked 
and  goafed  in  a  vertical  line  without  bringing  down  any  of 
the  upper  feeders. 

The  Harvey  seam  was  not  much  worked,  being  very  wet 
and  having  a  soft  clay  thill. 

The  Brockwell  seam  was  only  proved  by  the  sinking  of 

one  of  the  shafts,  and  I  took  the  following  section  on  the 

27th  February,  1883,  about  90  yards  south-east  of  shaft, 

shortly  before  the  abandonment. 

Ft.    In.      Ft.  In. 
Coal,  bright  and  soft 0    8 

Band  (3  in.  at  the  shaft) 0    1^ 

Coal,  coarse  and  splinty       . .      ..20 

Black  danty  parting 0    0^ 

Coal,  bright  and  soft 2    4| 


WiNDLBSTONB   CoLLIBRT. 


5    2i 


300  feet  above  Sea  Level.  Depth  from 

Surface. 
Ft.    In.  Ft.    In.  Ft.    In. 

Surface  or  Alluvial  deposit       .  •     . .      24     0 
Limestone  and  Marl      184    8 

Marl  Slate  ,  ^^  ,..,«. 

}  Not  mentioned  m  the  Section, 
oand 


To  bottom  of  the  feeders ....  —  . .    208  8 

Further  to  the  Low  Main  . .  2  9  . .  104  7  . .  313  3 
„           Hutton,  llin. 

of  band        4    7  ..  177     1  ..    490  4 

Further  to  the  Harvey,  3in. 

of  band        3     0..  41     0  ..    631  4 

Further  to  the  Busty.  .  . .  2  7  . .  102  10  . .  634  2 
Further  to    the    Brockwell 

(see  Section)        . .     . .    6    4  . .  123    7  . .    767  9 

Sunk  further  (into  a  ganister  bed)     . .  323     6  ..1,081  3 

Bored  still  further      . .     . .      —     . .  193     4  .  .1,274  7 
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At  this  Colliery^  as  at  Ohiltoiiy  Mainsforth,  and  Bishop 
MiddlehaiDy  immense  feeders  of  water  were  met  with,  and 
only  one  of  the  shafts  reached  the  seams. 

This  Colliery  is  also  on  the  south  of  the  ''Butterknowle 
Dyke ''  and  near  to  the  outcrop  of  the  Coalfield. 

The  upper  seams  appear  to  have  been  denuded  down  to 
the  Low  Main,  and  at  the  time  of  sinking  there  was  a 
diversity  of  opinion  as  to  the  identity  of  the  seams  met 
with  ;  however  there  can  now  be  little  doubt  that  the  above 
naming  of  the  seams  is  correct. 

The  last  stratum  sunk  through  was  a  bed  of  ganister,  four 
feet  in  thickness,  and  it  is  quite  evident  from  this  that  they 
had  got  into  the  Lower  Coal  Measures  where  only  coal  seams 
of  a  few  inches  in  thickness  were  met  with. 

The  boring  did  not  prove  the  least  trace  of  coal,  and  the 
hole  was  stopped  after  boring  six  inches  into  what  is  called 
•*  Grey  Whin,"  which  is  in  all  probability  the  Millstone  Grit- 
Eventually  a  pair  of  drifts  were  started  in  the  seam  at  758 
feet  from  the  surface,  which  proved  to  be  the  Brockwell 
seam  and  the  following  is  a  section  taken  at  the  shaft : — 

Ft.  In.  Ft.  In. 
Coal,  good        11 

Black  metal  band        0    4 

Coal,  good 16 

Coal,  coarse 0    8 

Seggar  clay  batid 0    5 

Coal,  good 0    6 

Seggar  clay  band 0    6 

Coal,  good 1    4 

6    4 

The  drifts  were  driven  on  a  course  N.  89  W.  from  the 
shaft,  a  distance  of  2,123  yards,  terminating  under  field 
No.  61,  Ordnance  Map,  near  to  the  Windlestone  farm  house 
and  32  chains  east  of  the  Hall,  and  left  off  in  the  following 
section : — 
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Ft.  In.     Ft.  In. 
Soft  black  stone  on  top 0    1 

Coal       0    9J 

Black  splinty  stone 0    3 

Coal,  good 1  10 

Black  stone      0    2 

Coal       2    OJ 

5    2 

The  drifts  dipped  towards  the  west,  and  were  near  600  feet 
below  the  shaft  bottom  when  stopped  in  May,  1884,  thus 
bringing  the  seam  pretty  near  on  a  level  with  the  Brockwell 
Seam  at  Chilton  Colliery  {see  preceding  Section).  This 
would  indicate  that  the  large  wave  or  roll  mentioned  in  the 
Thrislington  Colliery  comes  within  the  range  of  the  two 
latter  Collieries. 

The  following  section  of  the  Brockwell  seam  of  South 
Durham  Colliery  is  taken  on  a  line  with  the  Windlestone 
drifts,  and  1,320  yards  further  west,  showing  how  the  seam 
improves  westward  from  Windlestone : — Coal,  3  ft.  4  in.  ; 
Band,  3  in. ;  Coal,  2  ft. 

At  the  Binchester,  Westerton,  Leasingthome,  Black  Boy, 

Auckland   Park,    South  Durham,   Adelaide,    and   Shildon 

Lodge   Collieries,  no  limestone  or  sand  was  met  with  in  the 

sinkings,  but  they  are  all  working  more  or  less  under  the 

Magnesian  Limestone. 

MiDDRiDOE  Colliery. 

400  feet  above  Sea  Level.  Depth  from 

Surface. 
Ft.    In.  Ft.    In. 

Surface  or  Alluvial  deposit 12    0 

Limestone  and  Marl 114    0 

Marl  Slate  |   not  mentioned  in  the 

Sand      . .  I  Section. 

To  bottom  of  the  feeders 126    0 

Further  to  the  Busty  seam;  Coal3ft.  3in., 

Band  2ft.  2in.,  Coal  3ft.  3in.,  6ft.  6in.     98    4  . .     224    4 

Further  to  the  Brockwell  seam,  5ft.  4in.  153    0  . .     377    4 
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This  is  the  last  Colliery  sunk  on  the  Permian  range,  and 
is  close  to  the  south-western  outcrop  of  the  Durham  Coal- 
field. 

The  upper  seams  are  all  denuded  down  to  the  Busty. 

The  Brockwell  seam  is  now  practically  all  goafed,  and 
goaf  has  also  been  formed  in  the  Busty  Seam,  immediately 
aboye  it. 

The  angle  of  dip  is  N.  17  W.  towards  the  South  Durham 
Colliery  workings,  and  about  2^  inches  to  the  yard. 

This  Colliery  has  been  much  troubled  with  water,  but  I  do 
not  attribute  it  to  the  limestone  feeders  alone;  the  strata 
are  open  and  allow  the  surface  water  to  percolate  freely 
during  wet  weather. 

If  further  proof  were  needed  as  to  the  southern  outcrop 

of  the  Durham  Coalfield,  I  think  it  will  be  found  in  the 

following  section  of  a  bore  hole  which  was  put  down  by  the 

late  Mr.  Smith  Stobart  and  his  partners,  on  the  west  side  of 

the  main  line  of  the  North  Eastern  Railway  and  1,000  yards 

south  of  their  Bradbury  Station,  about  eight  miles  north  of 

Darlington,  and  close  to  the  edge  of  Morden  Carrs,  and 

about  260  feet  above  sea  level. 

Ft.    In.        Ft.    In. 
Surface  or  Alluvial  deposit      163     0 

Limestone  and  Marl     186  10 

349  10 

Posts,  Shales,  &c.,  very  hard  strata 208    2 

Total  depth  bored 568    0 

There  was  no  trace  of  coal  in  this  boring.  The  rods  were 
broken  and  lost,  and  operations  discontinued  after  boring 
13  feet  into  the  millstone  grit  in  February,  1874. 


PLAN    stMwing  fh«  position  of  th«  COLLIERIES  referred 
to  in  tho  paper  by  M 5  THOMAS  BELL, 
on  the  wforking  of  coal  mines  under  sea.  also  under  tha^rmian 
feeder  of  water  in  the  County  of  Durham. 


^AUTLEFOOL 


NOTE-  (hucrop  oT Mci^n^i^fv  Lim^eone  shon-ndy 
do/U^  /iM  A. B.  C.  D.  lL^J>ipEaeewarxl' 


TmnsJ£cut,  Gta.  3oe^  I\xrtJan.  Vol.  -W>7. 
60  iiiusAyx/i^y^Thomma  Belli  jHMper. 


SECTION  Showing  how  the  Magnesian  Limestone 
overlies  th«  Coalfield  unconformably. 


mbH 


Section  of  Seams  between 
KELLOE  and  GARMONDSWAY  MOOR  SHAFTS. 


1;  utrrroMm 


^■'       ^ ■■■■■'" 


BuirrrMsMiusrr  seam 

p*rr   SEcnoN  coal  an 

BAND    69 


*m/STrs£AM  t»tMiNG  otnoarssM 
secT/Oft  COAL   a'-e' 

BAND     4^0 
COAL      2  0 


IfACE  OFWOKMItSS 


SMie    ■ff|sK;f»V 


% 


'-^ 


}  BOUMDARY 


COAL, 


lO'O 


SECTION  AT  THRISLINGTON   COLLIERY 
Showing  the  ROLL  or  RISE  in  the  HARVEY  SEAM. 


Vol.  XXvi.]  THE  WOKKIKG   OF  COAL   MIirES   UNDER   8EA.  399 

In  concliiBion,  I  would  lemark  that  the  Windlestone, 
Chilton,  Mainsforth,  and  Bishop  Middleham  Collieries,  all 
sunk  near  to  the  south  outcrop  or  Bassett  edge  of  the 
Durham  Coalfield,  have  been  most  expensive  and  dis- 
appointing 

It  has  been  estimated  by  competent  authority  that  there 
has  been  over  a  million  of  money  spent  on  these  Collieries, 
which  have  been  totally  unproductive  and  are  now  all 
dismantled. 


Mr.  Hall:  I  have  great  pleasure  in  moving  a  vote  of 
thanks  to  the  writer  of  the  paper,  who  I  am  sorry  not  to  see 
here.  The  paper  is  very  interesting  from  a  historical  point 
of  view,  no  doubt,  as  regards  the  different  Collieries  in 
County  Durham ;  but  I  expected  that  we  should  have  had 
more  about  the  under-sea  coal.  Mr.  Bell  seems  to  have  left 
that  out  almost  entirely.  The  under-sea  coal,  as  distinct 
from  the  coal  under  the  Permian  feeders,  is  the  more  interest- 
ing of  the  two.  However,  when  Mr.  Bell  is  here  he  will 
perhaps  tell  us  more  about  it. 

Mr.  Stirrup  seconded  the  vote  of  thanks,  which  was 
passed  unanimously. 

The  Chairman  said  their  thanks  were  due  also  to  Mr. 
Dickinson  for  reading  the  paper  in  Mr.  Bell's  absence.  It 
seemed  to  him  a  very  valuable  paper  for  the  Society  to  have. 
As  to  the  postponement  of  discussion,  he  invited  an  expres- 
sion of  opinion  from  the  members. 

Mr.  Stirrup  said  he  thought  it  woitld  be  in  accordance 
with  the  feeling  of  the  members  that  discussion  should  be 
postponed  until  the  paper  was  in  print.  The  under-sea  coal 
had  many  points  of  interest.  It  could  not  be  mined  without 
much  risk,  and  there  was  the  further  question — which  he 
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had  never  been  able  to  understand — ^to  whom  was  the 
royalty  payable  for  the  getting  of  that  ooal  P  Did  it  belong 
to  the  Government  or  to  some  private  owner  P 

Mr.  Dickinson:  There  is  no  question  that,  beyond  a 
certain  limit,  the  under-sea  coal  belongs  to  the  Crown. 

The  meeting  having  decided  that  the  discussion  should 
be  postponed, 

Professor  Boyd  Dawkins  said :  I  should  like  to  have  the 
satisfaction  of  answering  Mr.  Stirrup  on  the  question  of 
ownership.  Between  high-water  mark  and  low-water  mark 
belongs  to  the  owner  of  the  manor ;  but  immediately  you 
get  to  low  water,  right  away  out  for  three  miles,  the  owners 
ship  is  vested  in  the  Crown.  That  has  been  settled  by  the 
Courts  in  a  leading  case. 

Mr.  Hall  :  And  beyond  three  miles  P 

Professor  Boyd  Dawkins:  It  is  no  man's  property 
beyond  the  three  miles ;  you  are  then  on  the  high  seas.  It 
is  for  anyone  who  can  get  at  it. 

Mr.  Hall  :  And  they  can  get  at  it  by  l)aying  a  way-leave. 

Professor  Boyd  Dawkins:  Arrangements  are  made  by 
the  Crown  with  people  who  are  sometimes  able  to  get  at  the 
coal  under  the  sea.  At  Dover  they  have  specially  limited 
their  operations  to  a  distance  of  a  mile  and  a  half  from  low 
water,  in  order  to  prevent  them  making  a  tunnel  under  the 
sea  and  right  away  to  France. 
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REPORT  OF  THE  DELEGATE  TO  THE  MEETING 

OF  THE  BRITISH  ASSOCIATION  AT  DOVER, 

SEPTEMBER,  1899. 

By  Mr.  Mark  Stirrup,  F.G.S. 


The  Britisli  Association  Meeting  at  Dover  in  September 
last,  to  which  I  had  the  honour  of  being  delegated,  besides 
its  usual  features,  had  a  special  one  super^ded  of  an 
international  character. 

The  meeting  of  the  French  Association  for  the  Advance- 
ment of  Science  having  been  appointed  to  take  place  at 
Boulogne-suivMer,  Dover  was  selected  for  the  British 
meeting,  as  the  most  convenient  place  for  an  inter-change  of 
courtesies  between  British  leaders  of  Science  and  those  of 
French  and  other  nationalities.  Some  apprehension  was 
felt,  owing  to  recent  events  in  France,  that  difficulties 
might  arise  in  carrying  out  the  programme  of  reciprocal 
hospitalities,  but  the  hearty  welcome  and  enthusiasm 
displayed  on  both  sides  of  the  Channel  at  the  respective 
receptions,  soon  made  evident  that  the  device  which 
proclaims  that  "La  Science  n'a  pas  de  patrie"  (Science  knows 
no  distinction  of  country),  is  no  mere  empty  symbol. 

To  serve  this  laudable  purpose  of  international  exchange 
of  good-will,  Dover  was  fixed  upon,  though  it  is  a  town  of 
smaller  size  and  importance  than  those  usually  chosen  for 
these  annual  gatherings.  From  this  cause,  some  slight 
disadvantages  were  soon  manifest,  firstly,  in  the  difficulties 
experienced  in  obtaining  lodging  accommodation,  at  a  time 
when  the  town  was  filled  with  its  usual  summer  visitors ; 
and  secondly,  the  absence  of  a  local  daily  newspaper,  a 
deficiency,  however,  largely  made  good  by  the  Times 
and  other  London  papers.  The  disadvantage  in  the  latter 
case,  was  experienced  by  those  ardent  and  omnivorous 
members  who  seek  in  the  columns  of  the  local  press  for 
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an  account  of  the  papers  read  and  discussions  thereon  in 
all  the  various  section-rooms  of  the  Association,  in  this  way, 
attempting  to  repair  in  some  degree,  that  human  disability 
which  pursues  the  votary  of  science,  as  well  as  the  ordinary 
mortal,  when  he  tries  to  be  in  two  or  three  different  places 
at  the  same  time. 

These  little  troubles  were  however  soon  forgotten  in  the 
warmth  of  the  welcome  and  the  hospitality  extended  to  the 
visitors  by  the  Mayor,  Mayoress,  and  Corporation  of  Dover, 
as  well  as  by  the  local  committee  of  the  neighbouring  gentry. 
It  is  beyond  my  province  to  discuss  the  joyous  and  friendly 
character  of  the  international  civilities,  the  fraternal 
speeches  of  good-will  that  signalized  the  banquets  at  Dover, 
Canterbury,  and  Boulogne-sur-Mer,  which  however  demon- 
strated once  again  that  the  field  of  science  was  a  peaceful 
battleground  of  friendly  rivalry  in  the  extension  of  the 
empire  of  knowledge. 

With  these  few  general  remarks,  I  must  now  turn  to  the 
special  object  of  my  report,  which  is,  to  render  an  account 
of  the  meetings  of  the  delegates  of  the  Corresponding 
Societies  of  the  Association. 

Thirty-six  societies  were  represented  by  delegates  at 
Dover,  that  being  a  rather  smaller  number  than  usual ;  of 
these  rather  more  than  half  were  Natural  History  Societies 
or  Field  Clubs,  while  the  others  represented  Archseology, 
Geography,  Geology,  Mining,  &c.,  &c. 

As  usual  two  meetings  of  the  delegates  took  place,  the 
proceedings  of  which,  the  delegates  are  asked  to  report  to 
their  respective  societies,  a  direction  which  I  now  proceed  to 
fulfil. 

At  the  first  meeting  on  Thursday,  September  14th,  the 
Chairman,  the  Bev.  T.  R.  B.  Stebbing  announced  that  the 
Admiralty  had  received  favourably  the  resolution  with 
regard  to  Coast  Erosion  passed  at  the  Bristol  Conference  of 
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Delegates  last  year,  which  sought  the  co-operation  of  the 
Coast  Ouard  Service  in  recording  the  changes  observable  or 
now  going  on  along  the  British  coasts. 

The  Chairman  then  delivered  an  excellent  address  on 
"The  Living  Subterranean  Fauna  of  Great  Britain  and 
Ireland/'  in  which  he  sought  to  enlist  the  aid  of  Natural 
History  Societies  in  extending  this  field  of  research,  which, 
he  said,  though  small  and  obscure,  was  one  which  had 
not  been  overworked  or  exhausted  and  promised  many 
discoveries  to  the  diligent  searcher. 

This  field  of  exploration  was  near  at  hand  in  any  under- 
ground well  or  dark  cavern,  or  in  the  deep  recesses  of 
disused  coal  mines,  where  hidden  from  the  light  of  day, 
spiders,  beetles,  and  other  low  forms  of  animals  passed  their 
existence,  while  in  the  waters  small  crustaceans,  fresh-water 
shrimps,  and  other  organisms  were  to  be  found,  all  alike 
presenting  featui*es  of  interest  or  structural  changes  due  to 
absence  of  light  and  their  abnormal  habitat.  I  need  not, 
however,  further  summarise  the  substance  of  the  address, 
seeing  that  it  is  printed  in  the  Corresponding  Societies' 
Committee's  Report,  a  copy  of  which  now  lies  on  the  table. 

At  the  second  meeting  of  the  Conference,  on  Tuesday, 
19th  September,  an  informal  discussion  took  place  as  to  the 
necessity  of  some  improvement  in  the  management  of  the 
delegates'  meetings  whereby  personal  intercourse  among  the 
delegates  might  be  promoted,  giving  occasion  for  inter- 
change of  ideas,  for  which  purpose  the  ordinary  meetings 
with  their  definite  programme  gave  no  opportunity.  Dis- 
appointment was  also  expressed  that  the  meetings  disclosed 
little  of  any  special  work  being  done,  or  any  combined  effort 
on  the  part  of  the  respective  societies  in  the  furtherance  of 
scientific  investigation.  Numerous  suggestions  were  offered 
as  a  means  of  correcting  those  defects  or  deficiencies,  and 
after  a  rather  protracted  discussion,  the  whole  matter  stands 
over  for  further  consideration  at  the  Bradford  meeting. 
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The  Chairman,  Professor  W.  W.  Watts,  now  called  upon 
Mr.  Hugh  Blakiston,  the  Secretary  of  the  "  National  Trust 
for  Places  of  Historic  Interest  or  Natural  Beauty,"  to  read 
his  promised  paper,  explaining  the  aims  and  work  of  the 
Trust. 

The  National  Trust,  Mr.  Blakiston  remarked,  was  founded 
in  the  year  1894  hy  the  Duke  of  Westminster,  the 
Earl  of  Carlisle,  Lord  Hobhouse,  and  others,  and  was 
incorporated  as  a  Limited  Liability  Company,  "to  promote 
the  permanent  preservation,  for  the  benefit  of  the  nation,  of 
lands  and  tenements  of  beauty  or  historic  interest ;  and  for 
this  purpose  to  accept,  from  private  owners  of  property, 
gifts  of  places  of  interest  and  beauty,  and  to  hold  the  lands, 
houses,  and  other  property  thus  acquired,  in  trust  for  the 
use  and  enjoyment  of  the  nation." 

Mr.  Blakiston  then  gave  a  succinct  account  of  the  work 
already  accomplished,  but  feared  their  aims  and  objects  were 
not  so  widely  known  as  was  desirable. 

He  recommended  the  creation  of  local  committees  to 
watch  over  the  ancient  monuments  of  each  county  or 
district  and  the  formation  of  a  central  fund,  which  fund 
could  be  used  for  the  purchase,  or  to  make  grants  in  aid 
towards  the  purchase,  of  properties  of  national  interest,  thus 
preserving  them  from  neglect  or  injury. 

Mr.  Blakiston  recommended  the  Trust  to  the  considera- 
tion of  the  Societies  represented,  and  appealed  to  their 
members  for  support. 

A  vote  of  thanks  being  accorded  to  Mr.  Blakiston,  the 
Chairman,  Professor  W.  W.  Watts,  called  upon  the  repre- 
sentatives of  the  Sectional  Committees  that  were  present  to 
make  any  remarks  or  suggestions  that  they  were  wishful  to 
bring  before  the  delegates. 

The  Chairman,  representing  Section  C  (Geology),  acknow- 
ledged the  assistance  of  local  societies  to  the  committees 
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engaged  on  two  investigations,  viz. :— that  of  the  Erratic 
Blocks  of  the  British  Isles,  and  that  for  the  securing  of 
Photographs  of  Geological  Interest.  With  regard  to  the 
latter,  he  said  that  the  Committee  hoped  to  he  ahle  to 
undertake  the  publication  of  typical  geological  photographs 
in  such  a  way  as  to  render  them  easily  obtainable,  and  that 
it  would  greatly  help  the  Committee  if  local  societies  would 
agree  to  purchase  a  series  of  these  photographs. 

The  representative  of  Section  D  recommended  the  study 
of  the  fauna  of  wells  and  caverns  to  the  attention  of  the 
Corresponding  Societies. 

Mr.  Wager,  representing  Section  K,  mentioned  the 
appointment  of  a  committee  to  consider  the  geographical 
distribution  of  mosses. 

With  these  announcements  the  meeting  of  the  Conference 
was  brought  to  a  close. 

I  will  now,  by  your  permission,  notice  briefly  some  few  of 
the  communications  made  to  the  Section  of  Geology. 
(Section  C.) 

The  first  that  claims  attention  is  the  address  of  the 
President  of  the  Section,  Sir  Archibald  Geikie.  This 
address  is  an  impartial  and  clear  statement  of  the  antagonistic 
views  of  the  physicists  and  the  geologists  as  to  the  age  of  the 
earth,  a  controversy  which  has  of  recent  years  excited  much 
attention  owing  to  the  rank  and  scientific  attainments  of  the 
disputants.  Sir  Archibald  Geikie,  in  his  masterly  defence 
of  the  geological  position,  mentions  the  remarkable  fact 
of  the  persistent  disregard  by  Lord  Kelvin  "  of  the  strong 
body  of  evidence  adduced  by  geologists  and  palaeontologists 
in  favour  of  a  much  longer  antiquity  than  he  is  disposed  to 
allow  for  the  age  of  the  earth."* 

As  this  discourse  has  been  published  in  the  current 
scientific  periodicals,  I  need  only  thus  draw  attention  to  its 

Qeo.  Mag.,  Oct.  1899. 
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importance  as  an  explicit  statement  of  the  argument  from 
its  geological  aspect. 

Among  the  subjects  of  local  as  well  as  general  interest 
brought  before  the  Section,  the  first  perhaps  in  importance 
were  those  having  reference  to  the  coal  exploration  now 
going  on  in  the  vicinity  of  Dover. 

Mr.  R.  Etheridge,  F.R.S.,  traced  the  relations  between 
the  Dover  and  Franco-Belgian  Coal  Basins,  showing,  by- 
aid  of  some  large  diagrams,  that  the  Dover  Coalfield  was  an 
undoubted  extension  to  England  of  that  already  exploited 
in  the  Franco-Belgian  area.  Moreover,  he  expressed  in 
very  confident  terms  his  belief  in  the  ultimate  success  of 
the  work  now  going  on  near  Dover. 

Professor  W.  Boyd  Dawkins  followed  in  a  paper  on  a 
kindred  topic,  entitled  the  South-Eastern  Coalfield,  in  which 
he  spoke  more  particularly  of  the  various  borings  now  or 
recently  in  operation  in  Kent,  with  the  object  of  ascertaining' 
the  range  of  the  hidden  Coal  Measures  in  the  South-Eastern 
district. 

These  borings,  some  half-dozen  or  so  in  number,  are  all 
the  work  of  private  enterprise,  and  so  far,  one  only,  that  at 
Ropersole,  eight  miles  to  the  north  of  Dover,  has  reached 
the  Coal  Measures  at  a  depth  of  about  1,700  feet.  These 
measures  the  Professor  believes  to  be  a  portion  of  the  same 
series  as  those  at  Dover.  With  regard  to  the  other  borings, 
some  of  them  have  not  been  carried  deep  enough  to  yield 
any  evidence. 

Another  important  paper  having  reference  to  the  extension 
of  our  British  coal  resources,  was  that  of  Mr.  Walcot 
Gibson,  F.G.S.,  on  "  Some  recent  work  among  the  Upper 
Carboniferous  Rocks  of  North  Staffordshire,  and  its  bearing 
on  concealed  Coalfields." 

The  author  said  that  he  had  met  with  workable  seams  of 
coal  at  reasonable  depths  beneath  the  Red  Rocks  surrounding 
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the  South  Staffordshire  Coalfield,  but  there  remained  large 
areas  lying  between  the  known  coalfields  of  Shropshire, 
North  Staffordshire,  and  Notts,  that  had  not  at  present 
been  explored. 

Within  the  South  Staffordshire  area  there  were  consider- 
able tracts  of  so-called  Permian  rocks  which  recent  investi- 
gations had  proved  to  be  conformable  to  the  Upper  Coal 
Measures  and  to  contain  a  carboniferous  flora.  Further,  he 
stated,  there  seems  to  be  little  doubt  that  the  Coal  Measures 
of  the  Pottery  Coalfield  lay  not  far  from  the  surface  under 
Little  Madeley  and  Craddock's  Moss. 

Mr.  Gibson's  conclusion  was  that  a  thorough  and  com- 
plete examination  of  the  explored  Coalfields  of  the  Midland 
Counties  and  of  the  bordering  New  Red  rocks  would  be  of 
the  highest  importance  in  determining  at  what  depth  the 
productive  measures  lie  beneath  the  great  central  tracts  of 
the  Midland  Counties. 

To  those  of  our  members  taking  an  interest  in  questions 
of  theoretical  geology,  I  might  point  their  attention  to 
a  short  and  interesting  address  by  Professor  SoUas  on 
"  Homotaxy  and  Contemporaneity,"  wherein  he  gave  strong 
reasons  for  dissenting  from  the  doctrine  so  strongly 
enunciated  by  the  late  Professor  Huxley  in  1870 — that 
identical  fossils  from  two  different  localities,  widely 
separated,  did  not  prove  the  deposits  contemporaneous. 

Professor  Sollas  said  the  distribution  of  zonal  fossils  had 
imexpectedly  vindicated  the  old-fashioned  notion  of  the 
contemporaneous  formation  of  similar  stratified  systems  over 
great  parts  of  the  world  and  that  no  one  could  any  longer 
assert  that  ''  a  Devonian  fauna  and  flora  in  the  British 
Islands  may  have  been  contemporaneous  with  Silurian  life 
in  North  America."  Professor  Sollas's  argument  rested  on 
the  time  required  for  a  species  to  migrate  from  one  place  to 
another  reraus  the  time  required  for  the  evolution  of  species. 
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The  lapse  of  time,  remarked  the  lecturer,  during  migration 
or  transport  was  a  vanishing  quantity  in  comparison  with 
the  long  periods  occupied  in  the  evolution  of  species,  thas 
he  said,  recent  work  has  been  such  as  to  inspire  geologists 
with  confidence  in  the  logical  basis  of  their  methods. 

Mr.  Percy  F.  Kendall  of  the  Yorkshire  College  reported 
that  a  committee  of  the  Yorkshire  Geological  and  Polytechnic 
Society  had  this  year  been  engaged  on  an  examination  of 
the  underground  waters  of  Craven  in  order  to  trace  the 
source  of  the  river  Aire.  For  this  purpose  various  chemical 
experiments  have  been  made,  particulars  of  which  will  be 
found  in  the  pamphlet  on  the  table,  issued  by  the  Committee. 

In  choosing  the  foregoing  papers  and  reports  for  mention, 
from  among  others  of  equal  interest  in  their  several 
departments,  which  were  presented  to  Section  C,  it  will 
be  understood  that  as  some  selection  was  necessary  in  order 
to  confine  this  report  within  due  limits,  the  personal 
predilections  of  your  reporter  are  in  some  measure 
accoimtable  for  the  choice. 

In  conclusion,  I  may  add,  that  the  usual  reports  from  the 
several  committees  engaged  on  scientific  investigations 
connected  with  geology  were  presented  to  the  section. 

Moreover,  since  the  close  of  the  Dover  meeting,  a  list  of 
the  committees  appointed  for  continuing  these  researches 
has  been  received  by  the  Society  with  the  request  that  it 
should  be  impressed  upon  the  Society  and  its  members 
individually,  the  importance  of  taking  part  in  the  work  of 
as  many  of  the  committees  mentioned  in  the  list  as  may  be 
found  practicable  in  our  districts. 

This  list  now  lies  upon  the  table  for  your  perusal. 

Professor  Boyd  Dawkins  conveyed  the  thanks  of  the 
meeting  to  Mr.  Stirrup  for  his  interesting  communication. 
They  were,  he  said,  indebted  to  Mr.  Stirrup  for  representing 
the  Society  so  well  at  the  British  Association  meeting. 
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WIGAN   MEETING. 


The  Okdinaky  Meeting  of  the  Members  was  held  on 
Friday,  January  12thy  1900,  in  the  Mining  School,  Wigan. 

Mr.  John  Gerhard  (in  the  absence  of  the  President) 
in  the  Chair. 


NEW    MEMBER. 


Mr.  Adam  Dean,  Manager,  Stopes  ColKery,  Little  Leyer, 
near  Bolton,  was  balloted  for  and  elected  a  Member  of 
the  Society. 


Mr.   Joseph    Crankshaw,   F.G.S.,   read  the  following 
paper  on  "  Coal  Mining  in  South  Russia  "  : — 
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COAL    MINING    IN    SOUTH    RUSSIA. 
By  Mr.  Joseph  Crankshaw,  F.G.S. 


It  is  not  the  intention  of  the  writer  of  this  paper  to 
attempt  an  exhaustive  or  scientific  treatise  on  the  above 
subject,  but  just  to  give  from  memory  and  in  a  convers- 
ational manner  the  first  impressions  of  a  Lancashire  man 
during  a  two  months'  visit  to  the  East,  in  a  district  not 
frequented  by  tourists,  and  to  a  country  that  I  believe  is 
greatly  misunderstood  by  the  average  Englishman.  Russia! 
— the  name  at  once  conjures  up  visions  of  eternal  snow,  of 
weird  dense  forests  of  interminable  pines,  of  wolves  howling 
round  the  house  in  huge  fierce  packs,  of  secret-police  ready 
to  catch  an  unwary  word  and  hurry  the  speaker  in  chains  to 
a  living  death  in  Siberia,  of  a  thousand  and  one  things  that 
make  one's  friends  shake  their  heads  and  say,  with  a  pitjring 
kind  of  smile,  "  Well,  good-bye,  I  wish  you  a  safe  return." 

I  went  to  Russia  feeling  all  this,  and  I  have  returned  with 
pleasant  recollections  of  kindness  and  hospitality  shown 
to  an  unknown  Englishman  without  any  credentials,  and 
with  nothing  to  recommend  him  but  his  nationality  and  his 
ignorance ! 

Many  years  ago  I  had  the  offer  of  an  appointment  as 
Manager  to  a  Coal  Company  at  Heraclea,  in  Asia  Minor. 
I  have  felt  an  interest  in  the  district  ever  since,  and  when 
it  became  necessary,  at  the  beginning  of  the  year,  to  take 
a  holiday,  I  decided  to  go  to  Constantinople  by  sea  and 
then  have  a  look  at  the  place  I  should  have  gone  to. 
Consequently  I  took  a  passage  in  one  of  Wilson's  boats 
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sailing  from  Hull  to  Constantinople  and  Odessa,  and  sailed 
in  the  S.S.  "Douro"  on  the  18th  February. 

The  ship  had  to  stay  for  a  week  in  Constantinople  to 
discharge  cargo,  so  I  thought  that  this  would  give  me  ample 
time  to  visit  Heraclea  and  then  proceed  with  the  ship  to 
Odessa.  I  found  when  we  arrived  there  that  I  had  made 
two  mistakes, — first,  in  judging  distances  from  a  small  map, 
on  which  Heraclea  looks  about  as  far  from  Constantinople 
as  New  Brighton  is  from  Liverpool :  and  second,  I  had  not 
calculated  that  I  was  going  to  a  country  where  "to-morrow" 
is  better  than  to-day,  and  next-week-but-one  better  than 
either ! 

After  leaving  the  "Douro"  at  Odessa  I  took  a  small 
coasting  steamer  to  Nikolaiev,  the  centre  for  the  Black  Sea 
Fleet  and  the  best  route  to  Ekaterinoslav  from  Odessa,  and 
obtained  an  introduction  to  Mr.  Woodhouse,  the  British 
Vioe-Consid  at  Nikolaiev.  I  found  Mr.  Woodhouse  an 
enthusiast  in  mining,  and  from  him  I  gained  much  valuable 
information.  I  also  found  that  Ekaterinoslav  was  a  day's 
journey  from  Nikolaiev,  and  that  the  Donetz  Colliery  district 
was  another  day's  journey  by  train  from  Ekaterinoslav. 

As  I  was  expecting  important  letters  at  Odessa  I  decided 
first  to  return  there,  and  then  decide  upon  the  journey  to 
Donetz  Coalfields  afterwards.  On  my  return  to  Odessa  I  was 
introduced  to  Mr.  Smales,  shipping  agent  and  coal  merchant, 
and  Mr.  Webster,  ship  owner  and  coUiery  proprietor. 

Mr.  Webster  gave  me  an  introduction  to  his  partner  at 
the  colliery,  so  I  returned  to  Nikolaiev, 

In  the  meantime,  Mr.  Woodhouse,  the  British  Consul,  had 
made  all  the  necessary  enquiries  and  arranged  for  me  to  be 
met  by  Mr.  Basphalofi  (sales-agent  for  Messrs.  Webster, 
Eavelenks  and  Uspensky),  who  was  thoroughly  conversant 
with  all  the  collieries  in  the  Jusowo  district. 
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Jusowo  is  the  name  of  a  town  founded  by  an  Englishman 
named  Hughes,  and  where  he  has  developed  large  ironworks 
and  coUeries  which  I  understand  are  now  valued  at  over 
eight  millions  sterling. 

If  you  look  at  a  map  of  Russia  you  will  find  Mariopol, 
a  port  on  the  north  of  the  Sea  of  Azov.  From  it,  running 
north  again,  is  the  railway,  and  just  before  it  joins  the  line 
running  east  and  west  you  will  find  the  town  of  Jusowo, 
which  is  the  centre  of  the  bituminous  coal  district  of  the 
Donetz  Basin.  To  the  east  of  Jusowo  lie  the  Anthracite 
colleries,  but  these  I  had  not  time  to  visit. 

The  whole  of  the  Jusowo  district  is  overlaid  by  an  alluvial 
deposit  of  gravel  and  sand,  in  thickness  from  40  to  120  feet, 
beneath  which  the  coal  seams  outcrop,  so  the  position  of 
the  seams  on  each  estate  has  to  be  determined  by  boreholes, 
which  add  considerably  to  the  first  cost  of  developing  a  new 
estate.  At  one  colliery  that  I  visited  they  had  put  down  no 
less  than  thirty  boreholes.  The  seams  are  at  a  high 
inclination  nearest  the  surface,  being  at  an  angle  of  IS"*,  but 
they  get  much  flatter  to  the  deep,  and  at  about  400  yards 
they  are  in  some  places  only  from  4®  to  6®.  Few  of  the 
pits  are  more  than  200  yards  deep,  and  rectangular  in 
shape,  and  about  13  ft.  6  in.  x  5  ft.,  lined  with  timber,  with 
one  or  two  partitions.  The  conductors  are  of  wood,  and 
most  of  the  cages  are  provided  with  safety  catches,  called 
parachutes. 

The  men,  however,  generally  ascend  and  descend  by 
''ladders."  The  winding  engines  are  mostly  of  the  type 
used  in  England  for  underground  haulage, — standing  on  a 
self-contained  engine  bed  with  the  drum  working  on  a 
second  motion  shaft,  and  geared  about  three  to  one. 

These  are  used  at  pits  with  an  output  of  from  200  to  1000 
tons  per  week. 
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Messrs.  Hughes,  the  New  Russia  Company,  are  winding 
1000  tons  a  day  from  one  of  -their  pits,  but  they  have  a  pair 
of  engines,  made  by  Messrs.  Walker,  of  Wigan,  with  42in. 
cylinder  x  7ft.  stroke.  The  manager  for  Messrs.  Hughes  is 
Mr.  Williams,  a  Welshman,  and  his  assistant  is  Mr.  Horsefield, 
at  one  time  at  Clifton  and  Kearsley  Collieries,  and  probably 
well  known  to  many  of  our  members. 

The  workable  seams  in  this  district  vary  in  thickness  from 
72in.  to  15in.  but  the  average  is  about  24in.,  as  many  of  the 
seams  have  an  average  thickness  of  from  21  inches  to  22 
inches  only.  The  coal — as  will  be  seen  from  the  specimens 
on  the  table — ^is  generally  of  good  appearance,  light  in 
weight,  with  a  fibrous  fracture,  and  is  described  as  a  fatty 
coal.  Some  of  the  coals  yield  a  high  percentage  of  gas, 
but  they  are  also  rather  high  in  sulphur,  ranging  from  0*77 
the  lowest,  to  2*60  per  cent. 

The  system  of  working  is  generally  pillar  and  stall,  and, 
as  even  in  the  thinnest  seams  tubs  holding  from  ten  cwts.  to 
a  ton  are  used,  the  main  levels  are  driven  about  six  feet  high 
and  six  feet  wide,  and  the  coal  is  sent  down  in  sledges 
which  come  down  the  places  by  gravity  and  are  dragged 
up  again  by  the  old-fashioned  chain  and  belt.  The  sledges 
are  emptied  at  the  bottom  of  the  places  and  the  coal  is 
refilled  into  the  pit  tubs. 

Of  course  the  coal  being  of  so  soft  a  nature,  the  large 
amount  of  strait  work,  and  the  two  or  three  times  handling, 
causes  a  large  proportion  of  slack,  but  this  does  not  seem  to 
be  of  much  importance  as  they  get  the  same  price  for  the 
coal  independent  of  size. 

There  are  good  shale  roofs  over  most  of  the  seams,  so  they 
do  not  use  a  great  amount  of  timber.  The  warrant  of 
several  of  the  seams  is  a  fire-clay  of  excellent  quality,  from 
which  every  colliery  might  at  least  make  bricks  for  use  on 
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the  premises.  There  is  very  little  dirt  sent  to  the  surface 
as  the  roofing  down  in  the  leyels  is  packed  in  dirt  holes 
driven  seven  or  eight  yards  deep  on  the  lower  side.  The 
only  place  at  which  I  saw  any  system  of  underground 
haulage  was  at  the  Central  Pit  of  Messrs.  Hughes,  where 
they  have  an  output  of  1000  tons  a  day. 

Most  of  the  pits  in  the  district  are  working  quite  a  small 
area,  the  average  being  probably  under  200  acres.  As  the 
land  has  been  the  property  of  peasant  proprietors  allotted 
to  them  at  the  emancipation  of  the  serfs,  it  is  generally 
difficult  to  reconcile  the  different  interests,  and,  as  the  coal 
is  good  right  up  to  the  outcrop,  it  pays  to  put  down  these 
shallow  pits  with  a  small  plant  for  quite  a  \  limited  area 
The  cost  of  getting  and  carting  the  coal  is  from  3|  to  4^ 
copecs  a  pood  put  in  railway  trucks.  The  copec  is  equal  to 
a  farthing  and  there  are  62  poods  to  a  ton  English.  So  the 
cost  is  from  58^.  to  59}d.  per  ton,  and,  as  most  of  the 
owners  have  to  cart  their  coal  for  several  nules  to  the 
railway,  it  cannot  be  considered  excessive. 

There  is  an  import  duty  of  8s.  per  ten  on  every  ton  of 
foreign  coal  sent  into  the  country. 

The  selling  price  of  coal  was  from  6^^  to  9  copecs  a  pood, 
or,  from  8s.  Id.  to  lis.  8d.  per  ton,  and  has  gone  up  con- 
siderably since. 

The  average  profit  I  was  informed  was  quite  three  copecs 
a  pood,  or  about  4s.  per  ton. 

One  Colliery  Manager  that  I  met  was  dissatisfied  because 
the  whole  of  the  output  had  been  sold  at  6^  copecs  a  pood, 
although  he  admitted  that  it  cost  them  less  than  4  copecs 
per  pood  after  everything  had  been  paid.  A  proprietor 
of  a  small  colliery,  with  a  capital  of  under  £40,000,  admitted 
that  he  was  making  a  profit  of  £14,000  a  year. 

The  question  is : — ^Will  this  profit  continue  P 
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I  had  the  good  fortune  to  have  a  conversation  with 
Mr.  Hughes  himself,  the  Millionaire  Manager  of  the  works. 
He  is  a  keen,  shrewd,  business  man ;  thoroughly  up  to  date 
and  taking  an  active  interest  in  every  detail  of  the  works. 
On  the  morning  I  called,  he  was  personally  superintending 
the  engagement  of  batches  of  fresh  workmen. 

I  discussed  the  matter  with  him,  and  he  seemed  to  think 
profits  would  come  down,  although  he  admitted  that  he  had 
been  expecting  a  fall  in  prices  for  some  time  while  they  had 
steadily  improved. 

Other  colliery  proprietors  said  :  "  Yes,  the  profits  will 
continue,  and  will  increase.  The  demand  will  continue  to 
be  greater  than  the  supply.  Manufactories  are  springing 
up  in  every  direction.  We  have  discovered  enormous  deposits 
of  splendid  iron  ore  at  Krivoirog.  We  have  an  enlightened 
and  patriotic  government,  straining  every  nerve  to  develop 
the  resources  of  the  country;  all  that  we  need  is  more 
capital,  and  for  this  we  can  afford  to  pay  a  good  price." 

At  the  present  moment  every  encouragement  is  being 
given  to  Englishmen  and  English  capital,  so  I  took  especial 
pains  to  enquire  into  the  security  of  teniire,  and  found  that 
foreigners  could  hold  coal  lands  in  Russia  just  as  legally 
as  the  Russians  themselves,  but  there  is  considerable 
difficulty  in  arranging  terms — especially  at  the  present  time. 

A  good  deal  of  the  land  is  held  by  peasant  proprietors — 
especially  in  the  Don  Cossack  Government. 

These  peasants  are  generally  in  the  hands  of  a  Jew,  whose 
constant  study  it  is  how  he  can  make  the  last  copec  out  of 
both  buyer  and  seller.  The  usual  practice  is  for  each  party 
to  appoint  a  Jew,  and  let  the  two  fight  it  out.  When  at 
last  an  understanding  is  arrived  at,  they  each  take  great 
credit  for  their  shrewdness.  In  the  meantime,  months,  and 
sometimes  years,  elapse. 
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Does  it  not  seem  a  pity  that  when  the  land  was  granted  to 
the  peasants  the  Goyemment  did  not  reserve  the  minerals  to 
itself  P  Then  there  would  have  been  no  conflicting  interests 
to  reconcile.  Mineral  leases  could  have  been  granted  quickly 
and  arranged  systematically.  The  royalties  would  have 
brought  in  a  considerable  revenue  to  the  Government,  and 
yet  there  would  have  been  no  injustice  to  the  peasant — ^who 
is  an  agriculturalist  purely  and  simply. 

The  other  serious  difficulty  in  Russian  coal  mining  is  the 
labour  question. 

The  Russian  peasant  is  a  quiet,  industrious  and  uncom- 
plaining individual  while  at  work,  but  he  cannot  be  induced 
to  work  more  than  260  days  in  the  year.  He  hates  the 
fixed  regular  hours  and  restraint  of  the  mines,  and  at 
seed-time  and  harvest  great  numbers  of  the  peasants  depart, 
either  to  their  own  or  their  parents'  farms,  to  till  the 
ground  and  gather  in  the  crops.  Thus  it  very  often  happens 
that  they  do  not  attempt  to  settle  down  and  make  their 
homes  at  the  mines,  but  are  satisfied  with  wretched  hovels 
half  dug  out  of  the  ground.  With  the  great  development 
of  the  country  the  demand  for  labour  has,  of  course, 
increased,  and  so  the  difficulty  has  become  more  acute,  and 
in  order  to  induce  the  men  to  settle  down  some  of  the 
colliery  proprietors — ^notably  those  under  Belgian  control — 
are  building  on  their  estates  decent  miners'  cottages,  with  a 
piece  of  land  attached. 

There  is  no  form  of  Trades  Unionism  in  the  country  and 
wages  in  the  past  have  been  very  low,  but  they  are  going 
up,  and  as  the  demand  for  labour  of  this  kind  will  probably 
exceed  the  supply  for  some  time  to  come  they  are  boimd  to 
go  up  still  more. 

The  Truck  System  is  also  in  vogue — especially  at  the 
smaller  outlying  collieries — with  the  usual  result,  I  presume. 
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that  at  the  end  of  the  month  the  poor  miner  often  finds  his 
bill  at  the  shop  much  bigger  than  he  anticipated. 

In  conclusion,  my  impressions  of  South  Russia  are  that  it 
is  a  country  with  an  enormous  future.  I  hold  no  brief  for 
the  Russian  Government,  or  anyone  else,  and  I  have  not  a 
penny  at  stake  there ;  therefore  my  only  reason  for  reading 
this  paper  is  the  hope  of  giving  a  little  interesting 
information  to  the  Members,  and  to  fill  up  one  of  the  Meetings, 
about  which  our  Secretaries  are  sometimes  so  anxious.  As  I 
travelled  over  the  millions  of  acres  of  beautiful  rolling 
prairie — beautiful  not  from  its  picturesqueness,  but  because 
of  its  possibilities — offering,  as  it  does,  no  engineering 
difficulties  in  the  way  of  building  railways,  roads  and  cities, 
with  a  climate  more  temperate  than  Canada,  a  soil  that,  as 
Mark  Twain  expresses  it,  only  needs  "  Tickling  with  a  hoe 
to  laugh  with  a  harvest,"  where  when  English  forest  and  fruit 
trees  are  planted  they  flourish  luxuriantly,  and  where  bread 
stuffs  yield  magnificently — adding  to  this  its  mineral  wealth 
of  coal  and  iron — I  felt  that  it  needed  no  prophetic  instinct 
to  believe  that  in  fifty  years  from  to-day  the  coimtry  will 
have  developed  enormously,  and  the  population  more  than 
quadrupled  itself.        

Mr.  Burrows  proposed  a  vote  of  thanks  to  Mr.  Crankshaw 
for  his  paper.  He  had  travelled  a  little  and  had  always 
thought  that  the  more  they  prepared  themselves  in  the 
language  and  customs  the  better  it  would  be,  but  apparently 
it  was  not  always  so.  Mr.  Crankshaw  might  tell  them  how 
the  coal  in  Russia  was  disposed  of.  Was  it  shipped  on  the 
Black  Sea,  or  sent  by  rail  ? 

Mr.  Saint  seconded  the  motion,  which  was  passed 
unanimously. 

The  Chairman  asked  Mr.  Crankshaw  in  what  geological 
formation  the  coal  in  Russia  was  found. 

14a 
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Mr.  James  Kebn  asked  if  the  duty. had  been  taken  off 
coal  in  the  Black  Sea  during  the  last  few  months. 

Mr.  R.  WiNSTANLEY  asked  how  the  men  at  the 
collieries  were  paid,  whether  by  day  wage,  or  tonnage, 
or  howP 

Mr.  Ckankshaw  said  he  was  exceedingly  obliged  to  them 
for  their  vote  of  thanks.  Eussia  was  a  country  in  which 
he  had  an  intense  interest.  He  went  there  without 
knowing  anything  about  it.  They  had  an  impression  that 
the  Government  of  the  country  was  exceedingly  despotic 
and  that  people  had  to  be  careful,  but  he  had  spoken  to 
Englishmen  who  had  been  in  the  country  40  years  and  they 
said  they  had  absolute  freedom.  When  a  man  went  to  that 
country  first  and  had  a  knowledge  of  the  language  and 
customs  of  the  country  they  felt  his  visit  had  a  political 
interest.  The  fact  that  he  (Mr.  Grankshaw)  did  not 
know  the  language  or  the  customs  of  the  country  made 
people  more  attentive  to  him.  Replying  to  the  questions, 
Mr.  Grankshaw  said,  as  a  matter  of  fact  they  did  not  ship 
any  coal  in  Russia — they  imported  large  quantities.  As  to 
the  duty  being  taken  off,  at  the  time  he  was  in  Russia  there 
was  a  very  strong  feeling  that  the  Government  ought  to  take 
the  duty  off  coal,  as  the  Railway  Companies  themselves 
could  not  get  sufficient  coal  from  the  local  mines.  With 
regard  to  the  age  of  the  coal  measiires,  they  belonged  to  the 
Lower  Goal  Measures.  The  men  were  paid,  as  a  rule, 
by  day  wage,  but  in  some  cases  they  were  paid  by  piece; 
it  was  a  matter  of  arrangement  between  the  employers  and 
employed.  The  cotton  miUs  were  in  the  north-west  of 
Russia.  South  Russia  had  been  very  little  developed  up  to 
now,  and  there  the  industries  were  chiefly  coal  and  iron. 
There  were  very  few  textile  industries.  Russia  was 
undoubtedly  an  exceedingly  good  place  in  which  to  invest 
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capital  at  the  present  time.  All  the  mills  and  manufactories 
he  had  heard  of  were  doing  weU,  except  those  under  French 
control. 

Mr.  Grankshaw  exhibited  and  described  a  number  of 
mineral  specimens,  including  Coal,  Iron  Ore,  China,  Clay, 
&c.,  which  he  had  obtained  during  his  visit  to  Russia. 

The  Chairman  said  they  were  all  indebted  to  Mr. 
Crankshaw  for  the  valuable  paper. 


The  Chairman:  Our  President  has  sent  a  telegram, 
saying  that,  owing  to  the  death  of  his  brother  yesterday, 
it  is  impossible  for  him  to  be  with  us.  I  am  sure  all  deeply 
sympathise  with  Mr.  Barrett,  and  regret  the  cause  of  his 
absence. 
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RESUMED    DISCUSSION    ON    THE    SINKING    OF    TWO 

SHAFTS   AT  MAYPOLE   COLLIERY,    ABRAM, 

NEAR  WIGAN.* 

By  Mr.  James  Keen. 


Mr.  Keen  said  that  since  reading  his  paper  they  had  sunk 
200  yards  in  No.  1  Pit,  and  the  sinking  had  been  completed 
to  a  depth  of  630  yards,  which  was  20  yards  deeper  than 
No.  2  Pit.  The  strata  passed  through  was  very  similar  to 
what  they  passed  through  in  No.  2  Pit,  with  a  dip  of  some 
seven  or  eight  yards  between  the  two  pits.  The  seams  of  coal 
were  mostly  of  the  same  thickness  as  found  in  No.  2  Pit ; 
the  cannel  seam  was  the  same  thickness.  They  had  driven 
out  in  the  cannel,  in  a  north-easterly  direction,  some  300 
yards,  and  it  was  seven  feet  thick  at  the  face,  with  one  foot 
six  of  top  coaL  They  had  driven  in  an  easterly  direction 
some  80  yards,  and  the  cannel  was  about  the  same  thickness 
there,  and  altogether  in  the  various  workings  the  cannel 
remained  pretty  much  as  they  found  it,  except  that  it  was 
thickening  going  in  a  north-easterly  direction.  At  the 
present  time  the  output  was  about  500  tons  a  week.  We  are 
now  busy  making  a  pump-house  between  the  two  pits. 
We  proposed  to  put  in  two  pimips,  each  acting  independently, 
so  that  any  failure  in  one  would  leave  the  other  ready  to 
work.  Each  pump  will  raise  80,000  gallons  an  hour,  and 
will  have  an  independent  rising  main  and  steam  connection. 
The  water  we  have  at  the  present  time  is  about  60,000 
gallons  per  hour,  so  that  there  will  be  an  ample  margin  of 
power.  Where  they  had  two  independent  pumps,  one 
always  being  ready  to  start  if  the  other  failed,  they  did  not 
require  much  lodge  room,  because  it  would  be  a  very  serious 
*  Part  IV.,  Vol.  XXVI.,  Man.  Geol.  Soc.  Trans. 
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accident  that  would  cause  two  pumps  to  be  broken  down  at 
the  same  time.  He  had  seen  the  Keidler  pump  working 
under  a  heavy  load  in  South  Wales,  and  was  pleased  with  it, 
but  the  thought  struck  him  that  if  the  fly-wheel  or  the  shaft 
or  any  other  part  of  the  pump  gave  way  there  was  no  help 
for  it.  They  had  other  pumps  ready  to  start  in  case  of 
accident.  I  think  for  very  deep  lifts,  similar  to  what  I  saw 
in  South  Wales,  the  Reidler  pump  is  all  right.  The  pimip 
was  pumping  with  a  head  of  water  of  530  yards  and 
appeared  to  work  very  well,  and,  no  doubt,  economically. 
At  Maypole  Pits  they  were  putting  in  two  pumps  made  by 
Peams,  and  they  were  the  most  satisfactory  pump  without  a 
fly-wheel  that  he  had  seen.  It  was  called  the  Horizontal 
Duplex  Pump.  The  only  difficulty  they  had  was  that 
sometimes  they  gave  a  rather  short  stroke.  They  could  not 
always  rely  on  it  as  in  the  fly-wheel  pump,  but  except  for 
that  they  were  very  reliable  and  useful  pumps.  He  was 
glad  to  say  the  other  work  was  going  on  satisfactorily. 

The  Chairman  :  We  are  all  very  pleased  that  Mr.  Kben 
has  again  come  forward  to  give  us  further  information 
with  regard  to  his  important  pumping  and  sinking 
operations. 

Mr.  Keen  said  he  was  rather  anxious  to  know  how  the 
sinking  they  had  done  corresponded  in  cost  and  time  with 
the  sinking  where  they  had  guide  ropes  and  a  loose  scaffold. 
He  meant  a  hanging  scaffold  where  they  could  go  on 
bricking  while  the  sinkers  were  working  imderneath.  That 
was  a  plan  adopted  very  largely  in  Yorkshire  and  South 
Wales,  and  he  should  like  to  know  how  it  compared  with 
his  own.  He  thought  it  was  cheaper,  quicker,  and  safer  to 
sink  without  guides  and  the  top  scaffold. 

Mr.  Burrows  did  not  think  it  necessary  always  to  have  a 
scaffold  to  sink  with  guides.    They  sunk  a  pit  in  which  they 
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put  bearers  across  the  pit  in  the  first  instance;  they  pat 
guides  down  and  screwed  them  to  the  bearers ;  they  had  a 
carrier  which  fitted  on  the  two  guides  ;  when  it  came  down 
to  the  bearers  it  was  left  on  the  indiarubber  buffers  and 
the  hoppit  went  on  without  anything ;  as  soon  as  it  got  up 
to  the  guides  and  picked  up  the  carrier  it  could  be  wound 
just  as  fast  as  a  cage  in  an  ordinary  pit. 

Mr.  Saint:  Mr.  Keen  says  in  his  paper  (page  136, 
Part  IV.,  Vol.  XXVI.) :  "  In  no  case  should  there  be  any 
backing  to  the  brickwork,  my  experience  being  that  such 
constructions  always  lead  to  trouble  by  the  brickwork  giving 
way ;  and  above  all,  have  good  hard-burnt  bricks."  I 
should  like  to  ask  Mr.  Keen,  whom  we  all  know  is  a 
practical  man,  whether  he  would  have  any  objection  to 
concrete  backing. 

Mr.  Keen  :  The  probability  is  that  the  brickwork  and  the 
concrete  would  part,  but  there  is  not  that  probability  where 
the  brickwork  is  not  backed. 

Mr.  Saint:  Do  you  think  the  cavities  in  the  pit  sides 
could  be  filled  up  with  bricks  so  well  as  with  concrete. 

Mr.  Keen  :  Oh,  yes,  I  think  it  could  be  done  quite  as 
well.  I  think  the  brickwork  makes  -a.  better  job,  and  it  is 
certainly  quite  as  cheap  as  making  concrete  and  putting  it 
in. 

Mr.  Robinson  wished  to  know  how  the  skeleton  timbering 
was  done,  as  he  imderstood  Mr.  Keen  to  say  it  was  cheaper 
than  open  sinking. 

Mr.  Keen  :  We  start  off  on  the  last  bricking  ring,  and 
leave  holes  in  the  brickwork  for  the  hangers.  When  wo  have 
sunk  down  ten  feet  we  put  in  a  length  of  timbering.  The 
hangers  are  made  of  iron,  six  feet  long  and  about  an  inch 
and  quarter  square,  and  are  turned  to  hook  on  the  rings. 
The  rings  are  made  of  iron  segments,  3 J  in.  by  |  in.     Thes^ 
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are  dropped  in  the  hangers  and  screwed  together  at  the  ends 
with  bolts  and  nuts;  thus  we  have  a  complete  iron  ring 
hanging  from  the  bricking  ring.  The  rough  timber  lining 
consists  of  boards  about  7  in.  by  1^  in.,  and  is  put  in  behind, 
wedged  tight  as  the  work  proceeds  After  going  down 
another  ten  feet,  put  on  a  set  of  hangers  and  another  ring, 
another  length  of  boards,  and  wedge  them,  and  so  the  work 
goes  on  until  a  suitable  foundation  for  brickwork  is  reached. 
We  have  sunk  35  yards  at  a  time  without  bricking. 

Mr.  Unsworth  :  Each  length  of  brickwork  depends  upon 
itself? 

Mr.  Keen  :  Quite.  It  has  nothing  to  do  with  the  one 
above. 

Mr.  Unsworth  :    It  is  an  improved  system  on  plugging. 

Mr.  Keen  :  We  did  not  lay  a  single  ring  on  plugs.  If  you 
are  sinking  through  water,  it  would  be  impossible  to  have  a 
dry  pit  if  you  could  not  put  your  rings  on  the  solid.  In  no 
instance  has  the  water  passed  any  of  our  rings,  and  the  pits 
were  always  perfectly  dry  overhead.  We  made  the  beds  as 
level  as  we  could  and  laid  the  rings  on  oakum,  put  cement 
into  it,  and  built  three  or  four  courses  of  cement  brickwork 
on  the  cement ;  the  water  could  not  pass  through.  There  is 
a  difficulty  when  using  oakum,  for  it  gets  into  the  pumps, 
but  it  would  be  utterly  impossible  to  lay  a  ring  water-tight 
under  any  other  circumstances.  Where  you  have  60,000 
gallons  of  water  per  hour,  you  must  have  some  soft  body  to 
stop  the  water  and  cement  going  through. 

Mr.  Robinson  :  What  length  of  time  do  you  think  is 
taken  up  by  this  timbering  ? 

Mr.  Keen  :  At  snap  time  most  of  the  sinkers  would  go 
out  and  leave  three  or  four  men  down  and  they  would  send 
the  rings  out  in  half  an  hour.     The  great  thing  is  not  to  go 
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too  far.     Tou  want  to  take  it  out  where  the  men  can  handle 
it  easily. 

Mr.  Robinson  :  About  four  or  five  feet. 

Mr.  Keen  :  Yes.  When  you  get  deep  enough  about  three 
men  will  put  a  ring  in  in  about  an  hour  and  a  half. 
We  generally  used  to  get  the  hangers  and  rings  put  in 
ready,  and  the  timber  was  placed  in  position  soon  after  the 
shots  were  fired. 

Mr.  Robinson  :  Had  you  not  any  difficulty  in  taking  the 
timber  out  ? 

Mr.  Keen  :  None  whatever. 

Mr.  McGeever:  We  had  70  yards  of  very  hard  white 
rock  ;  it  could  not  be  chipped  with  picks.  How  would  you 
do  to  get  this  two  feet  chipped  out,  to  put  a  ring  upon  a  bed 
two  feet  wide  P 

Mr.  Keen  :  We  never  found  any  difficulty  of  that  kind. 
So  far  as  our  white  rock  is  concerned,  it  is  quite  easy  to 
cut  out. 

Mr.  Unsworth  moved  a  vote  of  thanks  to  Mr.  Keen  for 
the  very  able  supplementary  notes  he  had  given  them. 
It  was  very  good  of  Mr.  Keen  to  come  there  and  give  them 
the  benefit  of  his  experiences  at  Maypole  Colliery.  Those 
experiences  had  been  of  a  very  difficult  kind.  The  fact  that 
Mr.  Keen  had  been  so  good  as  to  give  them  in  detail  the 
benefit  of  what  he  had  gone  through  could  not  be  otherwise 
than  of  great  assistance  to  those  who  would  have  to  do 
similar  work  in  the  future.  He  should  like  to  ask  Mr.  Keen 
one  or  two  questions  about  the  engines  that  he  was  going  to 
put  down.  Were  the  new  pumps  to  be  fixed  at  the  level 
whence  the  water  was  now  being  pumped  ?  He  told  them 
he  was  going  to  put  down  a  condenser.  Where  was  he  going 
to  place  it  P     He  said  each  pump  would  be  equal  to  raising 
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80,000  gallons  of  water  an  hour,  but  he  did  not  tell  them 
the  speed.  If  he  would  tell  them  the  speed  it  might  be  of 
assistance  to  some  of  them  at  some  future  time. 

Mr.  Keen  :  At  the  present  time  we  have  one  pump  of  the 
same  type  at  the  feeder,  and  it  is  pumping  40,000  gallons 
an  hour.  That  water  is  dammed  up  by  one  of  those  sealing 
rings  shown  in  the  diagram  given  in  the  original  paper, 
and  it  is  let  out  through  valves  into  a  tank,  and  pumped  to 
the  surface  from  the  tank.  At  the  present  time  we  have  a 
pump  at  164  yards  in  No.  1  pit,  which  is  pumping 
20,000  gallons  an  hour  up  to  the  big  pump,  which  is  going 
at  three  strokes  per  minute.  The  engine  I  am  going  to  put 
in  will  be  25  yards  below  the  feeder;  there  is  about  15  yards 
of  hard  rock,  and  I  do  not  anticipate  any  trouble  in  making 
the  engine  house  in  it.  It  is  an  experiment  certainly,  but 
there  is  no  pressure  on  us,  and  I  am  not  anticipating  we 
shall  liberate  any  water  in  the  roof,  because  of  the  thickness 
of  the  rock  we  have  between  us  and  the  water.  That  will 
be  170  yards  from  the  surface.  We  are  going  to  force  the 
water  direct  to  the  surface,  and  the  condensers  will  be  fixed 
in  the  engine  house  down  below.  Where  a  large  quantity 
of  water  is  to  be  dealt  with  in  sinking,  it  is  best  to  start 
with  a  good  pump  erected  on  the  surface. 

Mr.  McGeever  seconded  the  motion,  and  said  he  found 
that  bricking  solid  was  the  best.  It  might  be  a  bit  longer  and 
dearer,  though  he  questioned  whether  it  was.  They  were 
much  indebted  to  Mr.  Keen,  who  had  sunk  two  fine  pits, 
and  there  was  none  better  in  Lancashire  or  elsewhere. 
He  had  not  been  selfish  and  deprived  anyone  of  the  privilege 
of  looking  around  the  pits,  but  had  always  welcomed 
visitors,  and  it  was  a  great  advantage  to  students  to  see  the 
arrangements. 

The  motion  was  passed  unanimously. 
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The  Chairman:  This  questioD  of  sinking  would  form  an 
admirable  subject  in  itself  for  a  debate.  I  do  not  think 
with  regard  to  sinking  with  guides  that  there  would  be 
unanimity,  although  some  of  us  would  have  a  very  strong 
opinion  as  to  the  increased  safety  of  guides,  and  timbering 
in  advance  of  the  walling.  As  to  skeleton  rings  I  have  seen 
several  sinkings  where  they  have  been  used,  and  can 
testify  to  their  being  a  very  great  advantage.  They  make 
the  work  very  much  safer,  and  thereby  expedite  the 
work.  I  take  Mr.  Keen's  allusion  to  packing,  to  refer 
to  the  soft,  incohesive  packing  such  as  ashes  which  has 
so  often  times  proved  to  be  costly.  We 'are  all  delighted  to 
see  Mr.  Keen,  and  very  grateful  to  him  for  having  given  us 
so  much  information. 

Mr.  Keen,  in  reply,  said  within  forty  years  there  would 
be  collieries  all  the  way  to  Warrington,  and  every  one  of 
those  places  would  have  the  same  difficulty  to  contend  with 
as  they  had  had  at  Maypole.  There  was  no  doubt  that  coal 
was  there,  and  money  would  be  foimd  to  get  it.  As  to  the 
Chairman's  remarks  about  safety,  he  had  always  considered 
safety  as  a  primary  object  in  what  he  had  had  to  do ;  the 
tackle  had  been  of  the  best,  and  everything  had  been  done 
with  a  view  to  safety.  He  was  much  obliged  to  them  for 
the  vote  of  thanks.  It  had  always  been  a  great  pleasure  to 
him  to  give  anyone  any  information  he  possibly  could  in 
reference  to  what  he  had  learned  in  the  sinking  operations. 


Mr.  J.  G.  Patterson  read  the  following  notes  on  Howat's 
Latest  Safety  Lamp,  fitted  with  Patterson's  arrangement  of 
gauzes : — 
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HOWAT'S  LATEST  SAFETY  LAMP. 

Fitted  with  Patterson's  arrangement  of  Gauzes. 

Exhibited  and  Described  by  Mr.  J.  G.  Patterson. 


In  continuation  of  my  paper*  on  Howat's  Latest  Safety 
Lamp — ^read  before  the  Society  at  their  last  meeting — 
I  desire  to  bring  to  your  notice  an  improvement  in  the 
arrrangement  of  the  gauzes. 

It  has  frequently  happened,  notwithstanding  the  most 
stringent  precautions,  that  lamps  have  passed  into  the  pit 
without  gauzes,  to  the  imminent  danger  of  life  and  property. 
Figs.  2  and  3  show  Patterson's  Patent  Gtiuzes  fitted  to 
Howat's  latest  Lamp  and  to  an  ordinary  Marsaut.  With 
this  arrangement  of  gauzes  it  is  impossible  to  put  a  lamp 
together  except  in  its  complete  state. 

Fig.  2  shows  Howat's  Lamp  as  a  bonneted  clanny ;  M  is 
the  gauze  with  ring  on,  into  which  the  glass  fits ;  N  is  the 
case  top  or  middle  ring.  This  is  bored  out  so  large  that 
whatever  size  of  glass  is  used,  should  an  attempt  be  made  to  fit 
the  glass  cylinder  into  the  lamp,  and  the  gauze  wanting,  the 
glass  will  fall  into  the  bonnet  or  shield  of  the  lamp,  and 
thus  show  to  the  lampman  in  the  most  conclusive  manner 
that  something  belonging  to  the  lamp  is  not  in  its  place. 

Fig.  3  is  a  lamp  with  two  gauzes  fitted  as  a  Marsaut. 
The  case  top  or  middle  ring  N  is  made  the  same  as  in  Fig.  2. 
The  rings  or  gauzes  O  and  P  are  so  made  that  when  one 
gauze  is  inside  the  other,  and  in  their  proper  place  in  the 
lamp,  they  form  the  seat  for  the  glass  cylinder ;  but  should 
either  or  both  gauzes  be  wanting,  the  glass  will  fall  into  the 
bonnet  or  shield  of  the  lamp,  and  glass  holder  Q  will  screw 

♦  Part  XIII.,  Vol.  XXVI.,  Man.  Geol.  8oc.  Trans. 


428 


howat's  latest  safety  lamp.  [Jan.y  1900, 


How/irtsLjitest 

WITH  Pattersons 


S;iFETY  L;lMP 

R^TENT  Gnuzes 

Fig  2 


Yol.  zxvi]  howat'8  ztTsn  SArxn  lajcp. 


429 


P;1TTERS0NS   RiTENT   MlMERS 
Stsfety  />^=?\  L/1MP 

Fig  3 


430         Discvssioir — howat'b  latest  safett  lamp.      [Jan.,  1900. 

right  through  into  the  lamp.  Thus  it  is  impossible  to  put 
the  lamp  together  unless  it  is  a  complete  and  an  actual 
safety  lamp. 

This  arrangement  does  not  complicate  nor  increase  the 
number  of  parts  of  the  lamp.  The  gauze  rings  will 
practically  last  as  long  as  the  lamp.  When  the  gauzes  are 
worn  out  the  rivets  are  filed  off  and  the  rings  put  on  new 
gauzes  and  rivetted  again  in  the  same  holes.  ExiRtiiig 
lamps  can  be  conyerted  to  this  system. 


Mr.  Keen  :  What  is  the  price  of  the  lamp  P 

Mr.  Patterson  :  Six  shillings,  and  with  the  electric  light 
arrangement  they  are  a  shilling  extra. 

Mr.  Matthews  :  How  many  hours  will  they  bum  P 

Mr.  Patterson  :  The  lamps  will  bum  fourteen. 

Mr.  McGeever  :  What  kind  of  oil  is  used  P 

Mr.  Patterson  :  Paraffin. 

The  Chairman:  What  is  the  increased  light  of  the 
paraffin  P 

Mr.  Patterson  :  -85. 

The  Chairman  said  there  were  two  points  that  would  be 
of  interest  to  them.  One  was  the  increased  amount  of  light, 
which  was  of  so  much  importance  in  mining  operations,  so 
long  as  that  increased  light  was  accompanied  by  safety. 
The  second  point  was  of  interest  to  himself  and  probably  to 
all  who  believed  that  there  should  be  a  shield  to  eyery  lamp 
going  into  the  mine.  An  objection  taken  to  that  form  of 
lamp  was  that  the  shield  hindered  the  seeing  of  the  gauze. 
Lamps  had  imquestionably  been  found  in  the  mine  in  use 
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without  gauzes,  and  it  was  an  improyement  in  the  con- 
struction of  this  lamp  to  render  that  impossible. 

Mr.  Burrows  proposed  a  vote  of  thanks  to  Mr.  Patterson 
for  exhibiting  and  describing  the  lamp,  and  said  the  ques- 
tion about  the  lamp  gauzes  had  never  struck  him  as  a  great 
difficulty,  because  if  the  lamp  was  examined  by  the  fireman 
he  could  satisfy  himself  that  it  was  all  right.  However,  it 
was  interesting  to  see  that  that  was  made  even  more  certain. 
He  did  not  think  Mr.  Patterson  would  say  that  when  the  two 
lamps  were  clean  and  new  that  lamp  would  give  '85  more 
light  all  the  time.  There  was  soot  from  the  paraffin  flame, 
and  he  did  not  think  it  was  quite  so  clear  that  the  light  was 
so  much  better. 

Mr.     Matthews     seconded     the    motion,     which     was 


Mr.  Patterson  said  when  the  illuminating  power  of  the 
lamp  was  tested  at  the  Gaythorn  Gas  Works,  Manchester,  a 
record  was  taken  over  12  hours.  At  the  commencement 
they  lit  the  ordinary  Marsaut  lamp  and  measured  one  lamp 
against  the  other,  the  result  at  the  commencement  being  as 
stated.  As  the  test  went  on  through  the  day  the  light  of  the 
Marsaut  lamp  diminished  and  the  paraffin  lamp  did  not. 
They  could  not  measure  it  again  with  the  Marsaut  lamp  at 
the  end,  but  so  far  as  they  could  see  it  gave  as  good  a  light  as 
when  it  was  first^  lighted.  The  paraffin  light  gave  double 
the  light  of  the  Marsaut  for  the  whole  of  the  12  hours.  He 
knew  a  case  in  the  North  of  England  where  a  man  worked 
his  whole  shift  with  a  Marsaut  lamp  with  no  gauze  in  it, 
and  it  had  been  examined  three  times. 

Mr.  Burrows  :  Was  the  bonnet  loose  P 

Mr.  Patterson  :  No  ;  the  bonnet  was  fixed. 
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The  Chairman  said  he  knew  two  cases  where  lamps  had 
passed  without  gauzes,  and  been  found  in  the  workings 
of  the  mine.  It  always  seemed  easy  to  hold  the  lamp  up 
and  see  the  gauze.  Nevertheless  it  had  occurred,  and  some 
people  had  raised  that  objection  to  shielded  lamps. 


EXHIBIT. 


Mr.  Gerrarb  exhibited  a  specimen  of  iron  ore  from  the 
Dover  Sinkings,  found  at  a  depth  of  592  feet,  in  the  Oolite. 


On  the  motion  of  Mr.  Burrows,  seconded  by  Mr. 
WiNSTANLEY,  a  votc  of  thauks  was  passed  to  Mr.  Gterrard 
for  presiding,  and  the  meeting  closed. 


TRANSACTIONS 

OF  THB 

MANCHESTER   GEOLOGICAL   SOCIETY. 

Pakt  XV.  Vol.  XXVI.  Session  1899-1900. 

The  Ordinary  Meeting  of  the  Members  was  held  on 
Tuesday,  February  13th,  1900,  at  the  Society's  Rooms, 
Queen's  Chambers,  5,  John  Dalton  Street,  Manchester. 

The  President,  Mr.  W.  S.  Barrett, 
in  the  Chair. 


THE    GEOLOGICAL    CONGRESS    OF    PARIS. 


Mr.  Stirrup  mentioned  that  he  had  received  for 
distribution  several  copies  of  the  Programme  of  Excursions  in 
connection  with  the  International  Geological  Congress,  which 
is  to  assemble  at  Paris  during  the  present  year.  A  copy 
would  lie  on  the  table  for  the  inspection  of  members  of  the 
Society. 
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ON   NEW  AND    INTERESTING    FEATURES    IN 
TRIGONOCARPON    OLIV^FORME. 

By  Mr.  George  Wild. 


Among  the  many  interesting  fossil  remains  of  plant  life 
found  in  the  coal  measures,  there  is  one  form  with  which 
most  of  the  members  will  be  more  or  less  acquainted.  It  is 
the  triangular  cast  of  a  nut-like  seed  known  as  Trigonocarpon. 

These  seeds  are  met  with  in  almost  every  English  coalfield 
in  greater  or  less  abundance,  in  both  the  sandstone  rocks  and 
the  various  shales.  In  the  shales  we  generally  find  them 
much  compressed  from  the  shalj  matrix  being  of  a  yielding 
nature.  Tet,  in  such  cases,  the  superficial  markings  are  often 
preserved,  and  give  a  somewhat  faint  clue  to  their  original 
form.  If  met  with  in  strong  sandy  shale,  the  ridges  formed 
by  the  angular  character  of  the  hard  testa,  or  shell,  are 
plainly  discernible,  converging  to  both  ends  of  the  fruit. 
If  in  the  much  softer  shales,  these  lines  are  less  prominent, 
owing  to  partial  obliteration  by  pressure  in  the  more  yielding 
matrix.  But,  in  the  sandstone  rocks,  we  find  the  casts  have 
been  protected  by  the  readily-hardening  character  of  the 
material  in  which  they  have  been  imbedded. 

In  the  latter  case,  the  external  characters  are  often 
entirely  obliterated  by  the  destruction  of  the  outer  layers 
which  originally  invested  the  kernel  or  nucleus,*  leaving 
nothing  but  a  triangular  cast  of  the  inside  of  the  shell  or 
endotesta,  and  it  is  rare  to  find  traces  of  the  outer  coverings. 

*Fig8.  1  and  2,  Plate  2,  are  sketched  from  solid  casta  of  the  nudeoa 
shown  in  examples  before  you,  which  also  include  the  perispermic  membrane. 
Fig.  2a. 
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The  Peel  Delf  rock,  near  Worsley,  in  the  Upper  Coal 
Measures,  and  the  Bardsley  Delf  rock,  near  Ashton-nnder- 
Lyne,  in  the  Middle  Coal  Measures,  have  yielded  a  great 
many  examples  of  these  triangular  internal  casts.  In  the 
Lower  Coal  Measures,  the  Trigonocarpon  is  met  with  in  the 
nodules  of  fossil  wood  where  the  structure  of  the  outer 
investments  is  preserved,  which  exhibits  the  fruit  very  much 
nearer  its  original  form  than  is  the  case  in  the  sandstone 
casts  or  in  the  shale  specimens.  The  fruit  is  known  to 
palaeobotanists  as  the  Trigonocarpon  olivaef  orme,  and  has  been 
described  by  Prof.  W.  C,  Williamson,  and  figured  by  him  in 
his  memoirs  "  On  the  Organization  of  the  Fossil  Plants  of 
the  Coal  Measures,"  Part  VIII.,  from  good  specimens 
furnished  him  by  the  late  James  Nield  and  Mr.  John 
Butterworth. 

The  transverse  sections  from  Mr.  Butterworth's  specimen 
show  most  of  the  features  then  recognised.  The  endotesta 
on  its  inner  surface  shows  the  three  points  in  the  nucular 
cavity,  corresponding  with  the  three  prominent  ridges  on  the 
outer  surface,  which,  together  with  the  nine  less  prominent 
ones,  characterise  this  species,  which  in  well-preserved 
specimens  are  enveloped  in  the  sarcotesta  or  fleshy  portion 
of  the  fruit  or  seed.  The  nucular  and  perispermic  membranes 
are  preserved,  as  is  often  the  case,  in  a  shrivelled  state  in  the 
carbonate  of  lime  and  other  mineral  matter  which  has  filtered 
in  and  filled  up  the  interior. 

In  the  vertical  sections  from  Mr.  Nield's  specimen,  the 
same  organic  features  are  met  with,  only  being  vertical,  the 
angles  and  ridges  which  are  a  prominent  feature  in  transverse 
sections  are  not  perceptible  from  their  running  parallel  with 
the  length  of  the  seed.  The  micropyle  is  shown  for  a 
distance  above  the  tumid  portion  of  the  nucleus,  but  we  are 
indebted  to  the  transverse  sections  for  a  knowledge  of  its 
interior   triangular  character,  which  is  continued  a  con- 
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EXPLANATION  OF  PLATE  I. 


Fio.  1. — Traiuvene  section,  near  extreme  tip  of  micropyle,  asBociated 
with  it  are  Myelopteroid  leaves  and  triarch  roots  of  Medullosa  anglica  (Scott) 
e,  epidermis ;  e,  cellular  tissue ;  m,  closed  micropyle.     X  2. 

Fxo.  2.— Transverse  section,  immediately  below  Fig.  1,  ainociated  with 
Myeloxyloid  leaves,  leaflets  and  triarch  roots  of  Medullosa  anglica.  e, 
epidermis ;  e,  cellular  tissue ;  m,  closed  micropyle.     X  2. 

Fio.  3. — ^Transverse  section,  top  of  micropyle,  associated  with  leaves, 
leaflets,  and  roots  of  Medullosa  anglica.  «,  epidermis;  e,  cellular  tissue; 
m,  triangular  micropyle.    Associations  as  in  Fig.  2.    X  2. 

Fio.  4. — Transverse  section,  top  of  endotesta,  «,  epidermis ;  0,  cellular 
tissue ;  w,  micropyle ;  /,  endotesta.    Associations  as  Fig.  2.     X  2. 

Fio.  6.— Transverse  section,  immediately  below  Fig.  4.  e,  epidermis ; 
e,  cellular  tissue  or  sarcotesta  ;  t,  endotesta ;  m,  micropyle.  Associations  as 
Fig.  2.     X2. 

Fio.  6. — Transverse  section,  near  base  of  micropyle,  e,  epidermis,  $, 
sarcotesta ;  ^,  endotesta ;  m,  micropyle.    Associations  as  Fig.  2.     X  2. 

Fio.  7. — Transverse  section  at  base  of  micropyle  and  top  of  nudeus. 
e,  epidermis  ;  t,  sarcotesta  ;  ^,  endotesta ;  m,  micropyle.  Associated  with 
leaves  and  roots  of  MeduUosa  anglica.    X  2. 

Fig.  8. — ^Transverse  section,  below  micropyle.  e,  epidermis,  #,  sarcotesta, 
t,  endotesta  ;  m,  nucukr  cavity.    Associated  as  Fig.  7.     X  2. 

Fio.  9. — Transverse  section,  body  of  fruit,  e,  epidermis;  »,  sarcotesta; 
t,  endotesta ;  f>,  nucleus.    Associations,  leaves  of  Medullosa  angHca.     X  2. 

Fig.  10. — Transverse  section,  middle  of  fruit ;  e,  epidermis  ;  #,  Farcotesta; 
if  endotesta ;  »,  nucleus.  Associations,  a  second  fruit  in  vertical  section 
and  leaves  or  petioles  of  Medullosa  anglica.    X  2. 

Fio.  11. — Transverse  section  of  first  fruit,  also  vertical  section  of  second 
fruit  with  fragments  of  epidermal  layer.  «,  epidermis ;  #,  sarcotesta ;  t, 
endotesta ;  »,  nedeus.    X  2. 

Fio.  12.— Transverse  section  of  first  fruit,  also  vertical  section  of  second 
fruit,  and  fragments  of  epidermal  tissue  belonging  to  top  of  a  third  fruit  in 
transverse  section.  «,  epidermis ;  «,  sarcotesta ;  t,  endotesta ;  »,  nucleus. 
Associated  with  petioles  and  roots  of  Medullosa  anglica.     X  2. 

Fio.  13.— Fragments  of  tissue  at  base  of  first  specimen,  also  vertical 
section  of  the  second  specimen,  and  transverse  section  of  top  of  triangular 
micropyle  of  the  third  fruit.  e,  epidermal  tissue,  s,  sarcotesta ;  t, 
endotesta  ;  ti,  nucleus.  Associated  with  fragments  of  petioles  and  roots  of 
Medullosa  anglica.  The  vertical  sections  in  Figs.  10,  11,  12,  and  13, 
exhibit  a  closing  apex  of  the  micropyle.    X  2. 

Fio.  14. — Tissue  of  epidermis  and  cuticle  from  the  upper  sections  and 
which  persists  throughout  the  whole  series  of  specimens,  enlarged  about  16 
diameters.    #,  epidermis  (palisaded),  and  thin  cuticle. 
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siderable  distance  up  the  tubular  or  hollow  portion  of  the 
micropyle,  which,  in  the  vertical  sections  figured  by 
Professor  Williamson,  seem  to  be  broken  short,  being  less 
than  one  fourth  the  length  of  the  seed  proper. 

From  careful  working  out  into  13  transverse  sections  of 
a  well-preserved  specimen  I  have  met  with,  it  is  seen  that 
the  micropyle  is  prolonged  upwards  from  the  nucleus  a 
distance  equalling  almost  the  length  of  the  fruit,  and  its 
character  becomes  changed  from  a  triangular-centred 
tube  of  sclerenchymatons  tissue  into  a  mass  of  cellular 
parenchymatous  tissue,  which,  near  the  tip,  forms  a  boss, 
from  which  two  wing-like  appendages  project.  Indications 
of  these  appendages  are  met  with  a  short  distance  above  the 
cellular  tissue  of  the  boss,  and  continue  in  a  downward 
direction,  in  a  somewhat  deranged  condition,  a  distance  down 
the  fruit  The  appendages,  or  extensions,  stand  out  in 
almost  opposite  directions,  in  a  slightly  reflexed  curvilinear 
form  on  one  side  to  the  extent  of  '50  in.,  and  on  the  other, 
upwards  of  '25  in.  from  the  centre  of  the  oblong  boss.  The 
cortex  or  epidermal  covering  surrounds  both  boss  and  wings, 
and  passing  downwards,  envelopes  the  triangular  micropyle 
with  its  sarcotestal  and  endotestal  tissues,  and  continues 
down  and  around  the  body  of  the  fruit  to  its  base  accompanied 
by  its  very  thin  cuticle.  The  base  of  this  specimen  ended 
abruptly,  without  showing  any  point  for  attachment  in  the 
bracts  of  a  strobilus,  or  to  an  axis,  though  some  specimens 
of  these  fruits  show  a  short  chalazal  extension. 

My  limited  knowledge  of  botany  does  not  enable  me  to 
draw  scientific  conclusions  with  regard  to  the  plant  which 
bore  Trigonocarpa,  though  I  have  often  found  Myelopteris 
(Will.),  now  (Myeloxylon,  Brongniart)  associated  with  Tri- 
gonocarpon.  Tet,  if  the  first-named  plant  be  a  true  fern, 
they  cannot  well  be  connected.  The  investing  layer  of  these 
specimens  at  first  sight  reminds  one  of  the  appearance  of  the 
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EXPLANATION  OF  PLATE  2. 


Fig.  I.    Nucleus  or  kernel.    Vertical.    (Natural  Size.) 

2.  Nucleus  or  kernel.    ObHque  Transverse.    (Natural  Size.) 

3.  Triangular  cast  within  endotesta.    Vertical.     (Natural  Size.) 

4.  Transverse    section  of    Fig.    1,  shoving   perispennic-membrane. 
(Natural  Size.) 

6.  Transverse  section  of  portion  of  nucleus.    (Natural  Size.) 

6.  Transverse  section  of  triangular  cast.    (Natural  Size.) 

7.  Fluted  exterior  of  endotesta.     (Natural  Size.) 

8.  Transverse  section  of  endotesta  with  nucleus.    (Natural  Size.) 

9.  Vertical  section  of  fruit,  restored.     (Natural  Size.) 
10.  Transverse  section  of  fruit,  restored.    (Natural  Size.) 

The  letters  indicating  the  several  parts  in  the  restorations,  Figs. 
9  and  10,  are  equally  applicable  to  the  rest  of  the  figures  on  this 
plate,  as  follows : — a  perisperm,  b  nudues,  c  endotesta,  d  sarootesta, 
s  micropyle,  /  epidermis,  ff  chalaza,  h  chalazal  scar,  t  funide, 
J  internal  angle. 


Plate  2. 
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palisade-like  cortex  of  the  lesser  stems  or  twigs  of  Mye- 
loxylon  and  Lyginodendron. 

The  upper  portion  of  this  investment  is  in  a  somewhat 
loose  and  disordered  condition,  probably  owing  to  dessication 
of  the  once  pulpy  interior.  The  rupture  of  the  inner 
epidermal  covering  on  its  inner  side,  leaves,  in  many  places, 
an  inward  gaping,  which  would  seem  to  indicate  a  loss  of 
internal  substance,  an  idea  suggested  also  by  the  outer 
condition  of  the  remainder  of  the  sarcotesta,  which  seems  as 
if  in  a  decomposing  stage  from  its  structureless  pulpy- looking 
character  and  difference  in  colour  from  the  inner  portion 
of  the  fleshy  envelope  surrounding  and  adhering  to  the  shell 
or  testa  of  the  fruit,  probably  owing  to  maceration,  exposure, 
or  over-ripeness.  Many  of  the  ordinary  sections,  where  the 
sarcotesta  can  be  examined,  exhibit  this  feature  most 
markedly. 

That  this  surrounding  is  not  an  accidental  one,  may 
reasonably  be  inferred  from  its  being  found  to  invest,  more 
or  less,  in  a  similar  manner,  all  three  of  the  cluster  of  fruit 
found  in  this  block  or  specimen  ;  also  from  its  being  found 
enclosing  only  the  substance  of  the  fruit,  except  at  the  top 
of  the  micropyle,  or  where  ruptured  by  shrinkage  or  other 
cause  sufficiently  to  admit  of  the  insinuation  of  foreign 
matter.* 

Since  the  above  was  written,  I  find  in  Dr.  Scott's  memoir, 
just  issued  "  On  Medullosa  Anglica,  a  new  representative  of 
the  Cycadofilices,"  (a  new  plant  which  I  obtained  in  nodules 
of  fossil  wood  from  near  Stalybridge)  the  following  remarks 
on  the  Myeloxyloid  leaf-bases  of  this  new  plant,  "  In  some 
places  a  more  delicate  parenchyma,  forming  an  external  layer 
outside  the  fibrous  zone,  is  preserved,  and  no  doubt  this  was 
always  present  during  life.   When  this  external  parenchyma 

*  It  ia  also  found  to  agree  closely  with  the  epidermifl  of  the  Alethopteris 
Ieaflet8.>-G.  W. 
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is  well  preserved  it  is  found  to  consist  of  smaller  and  thin* 
walled  cells,  with  abundant  cell  contents.  The  outer  cortical 
layer,  as  well  as  the  actual  epidermis,  had  a  well-marked 
palisade  form.  This  external  zone  probably  formed  the 
assimilating  tissue  of  the  organ.'' 

With  very  slight  allowance,  this  description  and  the  figure 
referred  to  in  Dr.  Scott's  memoir  agree  almost  exactly  with 
the  epidermal  covering  surrounding  the  specimens  which 
form  the  subject  of  this  paper. 

This  peculiar  character  of  inner  epidermis  and  surface 
cuticle,  is  not,  so  far  as  I  am  aware,  found  enveloping  any 
fossil  leaf  or  fruit  except  the  Myeloxyloid  leaf  bases  now 
proven  to  belong  to  Medullosa,  and  the  frequent  association 
of  Trigonocarpon  with  fragments  of  Myeloxylon  and 
allied  structures,  inclines  me  to  believe  in  their  ultimate 
connection. 

I  have  often  thought  that  the  usual  condition  of  the 
cellular  tissue  of  the  sarcotesta  of  the  Trigonocarpon 
seemed  short  of  finish,  from  want  of  a  limiting  epidermis 
and  cuticle. 

It  is  not  unlikely  that  the  carbonaceous  markings  of  these 
exterior  envelopes  surrounding  the  fleshy  coverings  of  this 
fruit,  led  Professor  Newberry  to  say  of  his  example  of 
Trigonocarpon  oliveeforme  (see  Williamson's  Organization, 
Part  VIII.,  page  249)  that  it  "has  suffered  little  injury 
beyond  the  loss  of  the  fleshy  envelope.  In  this  and  some 
others  I  have  seen,  the  three  conspicuous  salient  ridges  which 
traverse  the  surface  longitudinally  are  shown  to  be  the 
remains  of  broad  and  delicate  wings,  so  delicate  that  they 
are  generally  torn  away  with  the  exception  of  their  thickened 
bases." 

Of  course,  from  the  structure-bearing  specimens  which 
up  to  that  time,  had  been  met  vtrith  and  investigated  by 
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Professor  W.  C.  Williamson^  their  condition  led  him  to 
declare  Professor  Newberry's  description  to  be  a  mistake. 
But  as  more  perfect  or  better  preserved  specimens  turn  up, 
mistaken  ideas  arising  from  imperfect  examples  are  often 
corrected. 

Yarious  remarks  by  authors  seem  to  point  to  the  difficulty 
of  connecting  these  fruits  with  the  plant  that  bore  them, 
and  my  reason  for  bringing  the  discovery  of  these  additional 
features  in  connection  with  it,  is  to  assist,  in  however 
himible  and  small  a  degree,  in  the  clearing  up  of  this 
interesting  geological  problem. 

Dr.  Dawson's  definition  of  Sigillaria,  see  Williamson's 
'*  organization  of  the  fossil  plants  of  the  Coal  Measures/' 
Part  VIII.,  page  226.  "  Fruit-scars  in  transverse  rows  or 
bands,  each  with  a  central  vascular  scar.  Fruit, — 
Trigonocarpon,  borne  in  racemes  attached  to  the  fruit-scars." 
Professor  Williamson  says : — "  If  Dr.  Dawson  is  correct  in 
making  this  last  statement  in  reference  to  Trigonocarpon, 
all  doubt  as  to  the  Gymnospermous  character  of  Sigillaria 
should  be  at  an  end,  because  we  cannot  conceive  of  that  seed 
belonging  to  any  Cryptogamic  plant.  But  I  have  yet  seen 
no  evidence  whatever,  either  in  his  memoirs,  or  in  those  of 
Professor  Newberry,  who  entertains  the  same  opinion  as 
Dr.  Dawson  does,  that  any  such  relationship  exists.  Under 
these  circumstances,  in  the  subsequent  pages,  I  must  include 
Trigonocarpon  amongst  the  Gymnospermous  plants,  but 
must  exclude  the  Sigillaria,  and  still  regard  the  latter  as 
licpidodendroid  Cryptogams." 

On  page  232  we  find  the  following  sentence  in  relation  to 
Hooker  and  Binney's  memoir  on  Trigonocarpon.  "  In  this 
memoir  the  Trigonocarpon  described,  which  appears  to  have 
been  T.  olivaBforme  of  Lindley  and  Button,  is  shown  to  bear 
a  close  resemblance  to  the  true  drupaceous  seeds  of  Salisbuiia 
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adiaatifolio."  On  page  249  we  find  the  following :  ''  These 
Peel  specimens  usually  resemble  the  nuts  of  the  SaUsburia 
sold  in  grocers'  shops  in  China,  but  which  are  depriyed  of 
all  their  outer  sarcotesta." 

I  have  attempted  a  restoration  on  Plate  2,  Figs.  9  and 
IO9  from  a  study  of  the  new  features,  the  subject  of  this 
paper,  and,  since  making  the  sketch  my  yiews  on  that  point 
have  been  materially  strengthened  by  a  rough  sketch 
.made  by  Mr.  R.  Eidston,  when  explaining  to  him  my 
ideas  of  the  original  form  of  the  fruit.  His  sketch  being 
that  of  restored  Carpolithes  alatus  to  which  he  compared 
Trigonocarpon. 

I  may  here  remark  that  the  block  containing  the 
Trigonocarpon  with  the  new  features  abounds  in  fragments 
of  stem  roots  and  leaflets  now  proven  to  belong  to  MeduUosa 
by  their  connection  with  Myeloxylon  its  leaves. 

From  the  study  of  structure-bearing  specimens,  it  is  found 
that  the  Trigonocarpon  olivaBf  orme  as  usually  met  with  in 
beds  of  sandstone  is  only  the  internal  cast  of  a  stony 
endocarp,  as  before-mentioned,  whose  inner  form  was  such 
that  if  filled  in  with  mineral  matter  would  form  the  mould 
for  such  a  triangular  cast.  The  outer  form  of  this  endocarp 
consisted  of  three  prominent  ridges  corresponding  in  position 
with  the  three  inner  recesses,  whilst  between  each  principal 
ridge  were  three  secondary  ones,  and  enveloping  this  endo- 
carp was  a  fleshy  mesocaip  consisting  of  cellular  tissue  of 
uhascertained  thickness.  This  mesocarp  would  appear, 
from  the  featxires  described  in  this  paper,  to  be  surrounded 
by  an  epicarp  consisting  of  epiderm  and  cuticle  as  before 
described,  and  shown  in  sections  produced.  The  whole 
pericarp  would  give  to  the  seed  an  outside  character 
differing  much  from  that  conveyed  by  the  shelly  or 
stony  endocarp. 
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This  new  feature,  being  of  an  unbroken  epidermal  char- 
acter, would  seem  to  preclude  all  doubts  as  to  its  being  a 
natural  and  not  an  accidental  envelope.* 

Eight  or  nine  years  ago  I  obtained  a  few  large  blocks,  or 
nodules,  from  a  coalmine  near  Stalybridge,  from  which  I  cut 
and  moimted  a  few  sections,  which,  at  the  time,  I  took  to  be 
Heterangium,  and  labelled  them  as  such,  not  knowing  the 
characteristic  features  of  Medullosa.  These,  the  earliest 
sections  cut  from  those  blocks,  are  now  in  possession  of  the 
Manchester  Museum  authorities,  Owens  College. 

From  a  careful  study  of  a  large  number  of  sections  from 
the  blocks  I  have  obtained  from  the  above-named  coal-mine, 
two  prepared  by  myself,  and  the  rest,  nearly  one  himdred, 
most  skilfully  prepared  by  my  friend,  Mr.  James  Lomax, 
Moses  Gate,  Bolton,  at  the  request  of  Dr.  Scott,  of  the  Royal 
Gtu*dens,  Kew,  he  having  discovered  that  an  unfinished 
section  from  the  above-mentioned  blocks,  sent  by  Mr.  Lomax 
to  the  late  Prof.  W.  C.  Williamson,  contained  a  plant  new 
to  this  country,  as  well  as  being  a  new  species,  has  named  it 
Medullosa  Anglica.  He,  Dr.  Scott,  has  made  out  the  Cycado- 
filician  character  of  the  plant,  connecting  Myeloxylon  (Brong- 
niart)  with  it,  as  the  leaves,  and  describing  the  roots  and  their 
manner  of  growth,  from  a  section  which  I  prepared  from  the 
block  which  furnished  the  before-mentioned  excellent  specimen 
in  the  Manchester  Museum,  as  well  as  sections  of  lesser  and 
extremely  well-preserved  triarch  roots  of  the  same  plant, 
from  the  same  specimen  blocks,  prepared  by  Mr.  Lomax. 
It  is  also  probable  that  the  ultimate  pinnides  and  leaflets 

*  Since  the  above  was  written  I  find,  from  slides  I  have  prepared,  that,  in 
addition  to  the  before-mentioned  Myeloxyloid  epidermis,  that  the  outer  or 
upper  skin  of  the  Alethopteris  leaflets  presents  similar  features,  which  if  any 
connection  existed  would  be  quite  natural.  See  Dr.  Robert  Brown,  Science 
for  AU,  Yd.  II.,  Part  44,  page  243  :  **  The  skin  of  the  fruit  is,  of  course,  the 
epidermis,  of  which  we  have  already  had  enough  to  say  (Vol.  I.,  page  20), 
and  in  nearly  every  respect  agrees  with  that  thin  covering  as  foimd  in  the 
leaf." 
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will  ere  long  be  made  out  in  their  connection  with  this 
plant  by  the  same  author.  I  have  prepared  a  series  of 
sections  of  extremely  good  triarch  roots  of  M.  Anglica,  three 
or  four  of  which  contain  sections  of  leaves  of  Alethopteris 
connected  with  a  Myeloxyloid  midrib,  and  from  the  investi- 
gations and  opinions  expressed  by  Dr.  Scott  on  the  subject, 
the  whole  of  the  plant  with  the  exception  of  the  fruit,  will 
shortly  be  satisfactorily  understood. 

It  may  be  noted  at  this  point,  that  both  early  and  recent 
palsDo-botanists  are  inclined  to  connect  Trigonocarpon  and 
Carpolithes  with  plants  of  Cycadean  affinity.  Since  writing 
the  description  of  the  Trigonocarpon  I  have  met  with,  I 
learn  from  Dr.  Scott  that  another  authority  on  palaeo-botany, 
Mr.  Hemingway,  had  conjectured,  from  their  constant  asso- 
ciation, that  this  seed  belonged  to  Alethopteris,  a  fern-like 
leaf  or  pinnule,  which  Renault  has  shown  was  borne  by  plants 
having  a  Myeloxyloid  structure. 

Since  the  above-named  sections  of  the  triarch  roots  of 
M.  Anglica  were  prepared  I  have  met  with  many  others 
containing  fragments  of  Myeloxyloid  stems,  and  associated 
with  them  many  leaflets  of  Alethopteris,  some  showing  un- 
mistakable evidence  of  not  only  Myeloxyloid  midribs,  but 
also  that  the  upper  surface  of  the  leaflet  bears  a  pallisaded 
epiderm  and  thin  cuticle,  strongly  reminding  one  of  the 
character  of  the  investing  tissue  which  forms  the  subject 
of  this  paper. 

Should  it  eventually  be  proven  that  Trigonocarpon  is  the 
fruit  of  Medullosa,  a  most  complete  elucidation  of  the 
characteristics  and  nature  of  a  highly  complex  fossil  plant 
will  have  been  arrived  at. 

It  may  seem,  to  students  of  recent  botany,  strange  that 
the  highly  complex  plant  Medullosa  of  palaaobotanists,  a 
plant  closely  allied  to  Cycads  and  Ferns,  and  probably  bearing 
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the  nut-like  Trigonocarpon  with  a  cellular  fleshy  or  dru- 
paceous covering,  should  be  thought  to  be  the  parent  of  the 
Cycads  and  Ferns  of  the  present  day,  yet,  the  process  of 
evolution,  which  is  credited  with  the  production  of  wonder- 
fully varying  generic  branches  from  a  common  ancestor  is 
almost  universally  accepted. 

The  sketches  of  some  of  the  points  mentioned,  together 
^itb  the  sections  on  the  slides  showing  them,  will  explain 
mucb  of  what  may  be  left  vague  in  my  attempt  to  describe 
them. 

I  am  indebted  to  Mr.  Stirrup,  Dr.  Scott,  of  the  Royal 
Gardens,  Kew,  and  my  friend  Mr.  John  Butterworth,  of 
Shaw,  for  encouragement  to  bring  the  subject  before  the 
Society;  and  to  Mr.  James  Lomax  for  his  kindness  in 
preparing  the  photographs  laid  before  you,  connected  with 
the  subject. 

Professor  Boyd  Dawkins  said :  I  am  sure  we  have  all 
listened  with  very  great  pleasure  to  Mr.  Wild's  paper.  We 
welcome  him  again  amongst  us — he  has  been  a  stranger  for 
iwme  time — and  I  hope  we  may  have  many  similar  papers 
from  him.  As  regards  botanical  details  I  do  not  feel  in  a 
position  to  deal  with  the  subject,  but  it  strikes  me  that  this 
plant  must  certainly  belong  to  the  Gymnospermous  division, 
and  that  it  has  no  connection  with  any  Lepidodendroid 
plant.  The  Gymnospermce  include  the  Cycads ;  therefore 
they  would  cover  the  MeduUosa.  The  subject  is  a  very 
interesting  one,  and  I  feel  very  much  indebted  to  Mr.  Wild 
for  bringing  it  before  us. 

Mr.  James  Lomax  said  :  I  can  only  corroborate  what  my 
friend  Mr.  Wild  has  said,  and  the  conclusions  he  has  come 
to.  All  the  sections  I  have  yet  made,  and  the  material  I 
have  dealt  with,  tend  to  the  one  conclusion  that  this  is  the 
seed  vessel  of  a  Gymnospermous  plant,  and  is,  in  fact,  some- 
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what  similar  to  the  fruit  of  Cycads.  In  the  present  -speci- 
mens of  Triganocarpon  olitmfomiey  the  external  shell,  or 
hj'poderma,  has  the  same  kind  of  structure  as  the  cortex, 
or  hypoderma  of  the  leaf  stalk  of  Medutiosa  anglka 
[Myelaxylon  or  Myehpteria  of  Williamson].  There  are  also 
other  affinities,  which  Mr.  Wild  has  mentioned,  such  as  the 
leaves  and  eet,  which  resemble  some  portion  of  the  structure 
of  the  penduncle  Trigonocarpon  olivsBfonne.  These  agree- 
ments with  the  leaf  stalk  IMpelocey/an]  and  leaves  which 
are  of  the  Akthopteris  type  of  Fossil  Ferns,  bear  out  to  me 
conclusively  that  Trigofiocarpan  olitaforme  is  the  fruit  of 
Meduliosa  anglica.  Of  course  it  is  not  clearly  demonstrated 
that  this  is  so,  but  in  all  probability  time  will  show  it. 

Mr.  Joseph  Dickinson  :  I  have  very  great  pleasure  in 
moving  a  vote  of  thanks  to  Mr.  Wild  for  his  very  valuable 
paper.  It  is  a  subject  in  which  many  of  us  cannot  follow 
him.  It  is  one  with  which  only  geologists  of  high  standing 
can  be  acquainted.  I  may  say  that  about  twenty  years  ago, 
at  what  was  called  the  Peel  Sandstone  Quarry,  between 
Little  Htdton  and  Tyldesley,  a  large  number  of  these 
acorn-like  seeds  were  found  embedded  in  the  sandstone. 
They  were  very  plentiful  indeed.  The  men  called  them 
sometimes  nuts,  and  sometimes  acorns;  but  they  always 
appeared  to  me  to  resemble  very  closely  the  little  bladders 
which  are  found  on  some  species  of  seaweed. 

Mr.  Stirrup:  In  seconding  the  vote  of  thanks  which 
Mr.  Dickinson  has  proposed.  I  think  we  must  all  welcome 
our  friend  Mr.  Wild's  presence  amongst  us  again.  We  are 
pleased  to  find  that  he  has  been  diligent,  during  his  absence, 
in  working  up  some  of  those  curious  fossils  of  the  Coal 
Measures,  in  the  study  of  which  he  has  had  such  a  long 
experienee.  I  did  not  quite  gather,  during  the  reading  of 
the  paper,  what  are  the  specially  new  featxu*es  in  regard  to 
the  Trigonocarpon.    Is  it  the  presence  of  the  so  called  wings? 
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Mr.  Wild  :  The  wings  fayour  the  existence  of  an 
epidermis — ^they  belonged  to  the  fruit  itself,  and  if  thej 
were  opened  out  to  the  original  circular  form,  which  the 
fruit  would  present  when  growing,  it  would  be  found  that 
they  enclosed  a  softish  sarcotesta  and  within  that  the  shell. 
Being  pressed  together  after  decomposition  of  the  soft  tissue, 
they  have  been  preserved  in  the  form  of  wings. 

Mr.  Stirrup  :  If  that  is  the  case,  the  wing-like  expansion 
is  certainly  not  a  new  discovery,  so  far  as  I  can  make  out, 
for  in  some  foreign  works  you  may  find  figures  of  these 
fruits  with  winged  appendages.  They  have  been  found,  I 
believe,  in  some  German  coal  pits,  and  also  in  America, 
possessed  of  the  wings.  The  difficulty  is  i<o  know  to  what 
plant  they  can  be  assigned.  Many  opinions  have  been 
expressed  on  this  point,  as  Mr.  Wild  has  mentioned.  Hooker 
and  Binney  went  into  this  subject  years  ago,  and  decided 
that  Saliaburia  adiantifolia  or  Ginkgo  biloba  was  the  only  living 
plant  which  had  fruit  most  nearly  allied  to  the  Trigonocarpon. 
It  is  regarded  as  a  sacred  plant  by  the  Chinese.  The 
Ginkgo  certainly  is  a  gymnosperm,  and  belongs  apparently 
to  the  yew  tribe.  As  to  Medullosa,  I  cannot  speak  from  any 
experimental  knowledge  what  it  is  particularly,  but  from  the 
description  given  it  certainly  ought  to  be  a  gymnosperm.  It 
certainly  cannot  be  a  fern,  because  we  do  not  expect,  in  any 
extinct  species  of  fern,  to  find  such  a  fruit  as  the  Trigono- 
carpon. But  it  is  very  gratifying  to  find  that  this  subject  has 
not  been  laid  aside;  that  there  is  ample  material  yet  to  work 
at,  and  that  there  are  possibilities  still  of  discovering  some- 
thing new.  I  shotdd  like  to  remark  that  the  Peel  Quarry  has 
been  famous  all  over  the  coimtry  for  these  nuts  or  seeds,  but 
they  occur  also  in  Scotland,  and  elsewhere.  At  Peel  Quarry, 
however,  they  occurred  in  the  greatest  abundance.  It  is 
remarkable,  as  Mr.  Dickinson  pointed  out,  that  they  are  in 
the  sandstone  in  such  quantity  as  would  make  it  appear  that 
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they  have  dropped  from  some  overhanging  tree  into  the  soft 
sand,  which  has  subsequently  solidified.  I  would  Hke  to  ask 
if  any  remains  of  MeduUosa  have  been  found  in  the  sand- 
stone strata  in  which  these  Trigonocarpons  are  found.  I 
have  never  heard  that  anything  of  the  sort  has  been  met 
with  there.  It  is  very  natural  that  any  plants  found  to  have 
been  growing  in  the  neighbourhood  should  be  regarded  as 
the  probable  parents  of  the  fruits.  I  rose,  however,  to  second 
the  vote  of  thanks  to  Mr.  Wild.  I  have  partictdar  pleasure  in 
seeing  him  again  amongst  us,  and  hope  he  may  be  able  to 
come  oftener  to  our  meetings. 

The  resolution  was  passed  with  acclamation. 

Mr.  Wild,  in  responding,  said :  In  reply  to  Mr.  Stirrup 
I  would  like  to  say  that  Dr.  Scott,  as  well  as  the  French 
palaDo-botanists,  has  proved  that  medullosa  contains  three 
main  steles,  each  of  which  is  surrounded  by  secondary  woody 
tissue,  whilst  outside  all  are  three  large  leaf  bases.  The 
petiole  has  always  been  known  to  us,  through  Professor 
Williamson,  as  Myelopteris — a  fern.  The  whole  stem  of 
Medullosa  has  the  triangular  character,  on  account  of  the 
three  steles  in  the  centre,  and  the  large  leaf  bases  that  come 
out  in  succession  up  the  thick  stem  of  what  is  described  as 
a  Cycad.  The  Myelopteris  of  Williamson  is  really  the  stem 
and  leaves  of  Alethopteris — formerly  called  Pecopteris — ^which 
we  have  always  understood  to  be  a  true  fern.  The  leaves 
are  really  fern-like,  and  a  dozen  slides  which  have  been  made 
show  that  the  Alethopteris  leaflet  is  the  mid  rib  of  Myelopteris 
or  Medullosa,  from  Dr.  Scott's  description  of  it.  Slides  in 
my  possession  connect  it  with  Cycadean  aflinities ;  he  therefore 
declares  it  to  be  really  Cycado-filicean  in  character — ^that  is, 
connecting  the  Cycads  and  the  Ferns. 

Mr.  LoMAx:  Of  course  this  is  a  matter  of  evolution. 
Dr.  Scott  has  made  out  quite  clearly  that  the  two  classes  of 
plants — the  two  divisions  which  we  get  to-day— of  Ferns  and 
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Cycads  were,  in  the  Carboniferous  age,  united  in  one  order, 
that  is  the  axis  or  steles  of  Medullosa  anglica  was  of  the 
Cycadean  order ;  whilst  the  petiole  or  the  leaf  stalk  was  of 
the  Filicean  order,  and  which  has  up  to  the  discovery  of  the 
present  Medullosa  anglica  been  classed  a  true  fern.  Hence 
the  name  Cycadofilices  which  is  given  to  this  group  of  fossil 
plants,  ifedullosa  has  often  been  found  in  the  Upper  Coal 
Measures  of  the  Continent,  but  never  in  the  Middle  Coal 
Measures.  The  specimens  described  by  Mr.  Wild  are  all 
British. 

A  New  Specimen  of  Calamites  with  Roots. 


Mr.  LoMAX  called  attention  to  a  specimen  which  he  had 
found  in  the  Bolton  Museum  among  a  collection  of  Calamitean 
Casts,  labelled  "Calamite,  from  the  Brassey  Mine,  Hollin's 
Fold."  He  said  that,  in  a  paper  he  read  before  the  Society  in 
Jime  last,  he  mentioned  the  finding,  in  association  with 
CalamUes,  of  stems  of  Astrampelon,  which  turned  out  to  be 
the  roots  of  Calamitea.  In  the  specimen  now  shown,  at  the 
upper  end  there  are  three  nodes  of  the  true  Calamatean  type  ; 
below  these  there  is  a  gradual  tapering,  which  ultimately 
comes  to  a  point.  Between  the  point  and  the  first  true  or 
ordinary  node  there  are  seven  nodes  which  bear  from  six  to 
two  appendages  or  roots,  which  are  truly  Astromyelons. 
The  specimen  has  been  examined  by  Dr.  D.  H.  Scott  and 
other  palaeobotanists,  who  say  that  it  is  the  first  specimen  of 
this  character  they  have  yet  seen.  Through  the  kindness  of 
Mr.  W.  W.  Midgely,  F.R.M.S.,  the  Curator  of  the  Chad- 
wick  Museum,  Bolton,  the  specimen  is  put  in  my  hands  to 
cut  up  in  the  best  way  to  show  the  morphological  structure 
of  the  tissues.  He  appealed  to  Colliery  Owners  and  others 
connected  with  mines  to  keep  a  look-out  for  specimens 
bearing  these  characters.  This  one,  he  added,  was  unique. 
There  was  no  such  specimen  in  the  British  Museum. 
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Professor  Botd  Dawkins  :  Where  did  the  speciiiien  come 
fromP 

Mr.  BiDTARD :  I  believe  it  is  from  the  late  Mr.  Booke 
Pennington's  collection. 

Professor  Botd  Dawkins  :  But  what  horizon  is  it  from  ? 

Mr.  LoMAX    The  Middle  Coal  Measures. 

Mr.  Stirrup  :  In  the  Peel  Quarry  we  not  unfrequently 
got  Halonia  branches,  and  I  had  always  the  impression  that 
these  nuts  were  the  fruits  of  Halonia.  The  close  association 
of  the  two  things  ought  to  have  great  weight. 

Mr.  Wild  :  The  Halonia  is  proved  to  be  a  lepidodendroid 
fruiting  branch.  But  the  lepidodendron  bears  fine  spores  in 
its  fruit,  so  it  cannot  be  that. 


NoTB. — Since  the  meetingf  Mr.  Lomax  ha«  cut  the  above  specimen  into 
Tarious  sections,  and  the  structure  has  turned  out  better  than  what  he 
expected;  it  also  shows  some  tissues  that  he  has  not  seen  in  any  other 
Galamitean  specimen.  He  has  put  it  into  the  hands  of  Dr.  D.  H.  Scott,  of 
Kew,  who  has  kindly  undertaken  to  describe  it. 
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ON  THE  SINKING  OF  No.  3  NOOK  PIT  BY  THE 

ASTLET  AND  TYLDESLEY  COAL  AND 

SALT  CO.,  Ltd. 

With  a  Detaikd  Section  thereof. 

By  Mr.  George  Peace. 


In  bringing  before  the  Society  a  detailed  section  of  the 
mnking  of  the  No.  3  Nook  Pit,  at  the  Astley  and  Tyldesley 
Collieries,  Astley,  I  may  say  there  are  not  many  features  of 
uiterest  in  connection  with  the  sinking,  but  as  I  believe  this 
is  the  deepest  shaft  simk  in  the  district  to  the  Trencherbone 
Mine,  it  may  be  useful  to  place  on  record  the  particulars  of 
the  strata  simk  through. 

After  passing  a  few  yards  of  surface  clay  and  marl,  the 
Permian  rocks  passed  through  are  of  a  total  thickness  of 
19  yards.  From  this  point  the  Coal  Measures  are  entered, 
the  first  workable  coal  seam  being  the  Worsley  Four 
Feet  Mine,  which  has  been  extensiyely  worked  in  years 
gone  by. 

At  a  depth  of  220  yards  from  the  surface,  the  brown  rock 
is  met  with,  (about  30  yards  thick)  which  contains  a 
considerable  quantity  of  water,  and  this  was  tunnelled 
through  to  carry  the  water  met  with  in  sinking  to  the 
pumps  at  the  No.  1  Pumping  Pit. 

The  other  workable  mines  varied  somewhat  in  distance 
from  each  other  as  compared  with  the  sinking  at  Tyldesley, 
the  tendency  being  for  the  mines  to  approach  each  other  in 
somewhat  of  an  irregular  manner,  on  the  deep. 


452  n.  GBOROB  PSACS,  OK  [Feb.,  1900. 

Immediately  above  the  Trencherbone  Mine  some  very 
hard  rock  was  met  with,  about  40  yards  thick,  whereas  at 
Tyldesley,  about  1,000  yards  on  the  rise,  there  was  practically 
no  rock  at  all. 

The  actual  time  of  sinking  the  whole  distance  of  707  yards 
was  41  months,  which  includes  the  time  occupied  in  driving 
the  tunnels  to  convey  the  water  away.  The  Trencherbone 
Mine  being  met  with  at  a  depth  of  696  yards. 

The  Contractor  availed  liimself  very  largely  of  the 
improved  machine  drills,  and  this  was  particularly  of 
advantage  in  boring  the  holes  into  which  the  iron  plugs 
were  inserted  to  carry  the  bricking  rings.  It  was  also 
found  an  advantage  and  much  safer  to  line  the  unbricked 
portions  of  the  shaft  with  wrought  iron  curbs  and  timber 
backing,  which  were  taken  out  again  as  the  brick  work  was 
put  in. 

The  work  was  carried  through  without  any  serious 
accident. 

A  locked  coil  rope  was  used  for  winding,  and  foimd 
to  be  of  great  advantage,  as  the  hoppit  did  not  spin 
at   all. 

The  sinking  of  the  first  600  yards  was  accomplished  with 
a  pair  of  16  in.  double-geared  engines,  fixed  between  the 
pillars  of  the  permanent  engines,  so  as  to  be  available  for 
haulage  afterwards.  The  permanent  engines  consist  of  a 
pair  of  36  in.  X  6  ft.  winding  engines,  with  inverted  conical 
drum,  to  work  at  100  lbs.  pressure,  and  made  by  the 
Worsley  Mesnes  Ironworks  Co  ,  Ltd.,  near  Wigan. 
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SECTION  OF  STRATA  SUNK  THROUGH  BY  THE  ASTLEY 

AND    TYLDESLEY    COAL    &    SALT    Co.    Ltd., 

AT  THEIR  No.   3  NOOK  PIT. 

60  yarda  on  the  rise  of  No.  2  pit. 

Dip  of  Mine,  due  South,  one  in  6  to  one  in  6^. 


Depth  from                                                  o,™.^.  ThlcknoM 

Surface.                                     ^^^"^  ^'  ®~^*-  of  Stimta. 

Tde.     ft.    in.  Tdt.     ft.    In. 

PitTopraiaed      600 

SoU 0     1     0 

Clay      110 

Gravely  Marl 2     2     6i 

^Eed  Sandstone      2     2  11 

Red  Metal        0     1     6 

Red  Sandstone     2     0     1 

Red  Rock  (soft)        1     0     2 

Shaly  Rock 2     0  10 

, Red  Metal         4     09 

Hard  Brown  Burr        .,  00     8 

Red  Metal        3     1   10 

Bastard  Brown  Burr 0     0  10 

Red  Metal        2     0  10 

Blue  Metal 0     16 

29     2  lOJ     Coal 0     1     6 

Rocky  Warrant 709 

Brown  Burr     0     1     0 

Grey  Leys 703 

Brown  Rock     27     0     7 

Blue  Metal 109 

Brown  Rock     6     20 

Blue  Metal 627 

85     2     8J     Coal 0     0  11 

Warrant  Earth 010 

White  Rock     403 

Blue  Metal 028 
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DepAli  fttMn 

SorfMW.  Vaum  or  Stbata.  of  Stnta. 

Tdt.     ft.    In.  Tdc.     ft.    In. 

Grey  Leys        6    1     8 

Black  Bass 308 

Warrant  Earth 209 

102     1     Si     Coal      0     15 

Warrant  Earth 100 

Blue  Metal 7    0  10 

BkckBass       10     9 

113     1     0      Worsley  Four  Feet  Mine 111^ 

Warrant  Earth 1     2     3 

Blue  Metal 1     0     2i 

Black  Baas       020 

Coal  and  Brown  Stone 0     0     8 

Warrant  Earth 1     0     2 

Coal       004 

Warrant  Earth 102 

Coal      004 

Bocky  Warrant        2     00 

Blue  Metal 406 

Black  Bass       00     6 

Blue  Metal 5     14 

Black  Metal     020 

Blue    do 4     16 

Warrant  Earth 1     0  11 

138    0    0^    Coal      0     12 

Rocky  Warrant        10     3 

White  Rock  and  Metal  Bands    ..     ..  0     2  11 

Blue  Metal       0     1     9 

White  Rock  and  Metal  Bands    ....  116 

Blue  Metal       2    0     1 

White  Rock 1     Oil 

Grey  Leys        0     20 

Blue  Metal 403 

151     0    4J    Coal :  0     1  10 

Bassey  Warrant I     1     9 

Coal 00     8 
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Depth  from  TbickncM 

Suifaoe.                                  Hams  of  Stbata.  of  StnU. 

Yd».     ft.    In.  Ydi.     ft.    in. 

Warrant  Earth 106 

Blue  Metal       724 

Warrant  Earth 0     1   10 

White  Rock     0     0  10 

Blue  Metal 2     1  10 

Coal 0     0     1 

Warrant  Earth 10     0 

Blue  Metal       27     1     5 

Black  Bass 423 

Warrant  Earth         5     06 

Blue  Metal 006 

Warrant  Earth 0     1     3 

Blue  Metal 10     9 

Warrant  Earth 104 

207     0     7i     Coal       028 

Dark  Metal      1     2     2 

Black  Metal 400 

Blue  Metal       1     2     1 

GreyPlue 308 

Grey  Leys        42     3 

Grey  Flue 0     1  10 

Brown  Rock     0     2  11 

Grey  Flue 006 

Brown  Rock     14     0     9 

Red  Metal 0     10 

Brown  Rock 16    0     3 

Red  and  Blue  Metal 0     0     7 

Warrant  Earth 20     5 

Blue  Metal  ; 3     2     6 

Rocky  Warrant        2     1     0 

Strong  Blue  Metal       1     0  11 

Rock  Bind        20     8 

Brown  Rock 005 

Rock  Bind        00     8 

Brown  Rock 007 
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Depth  from  ThickneM 

Surface.                                  ITAin  or  Strata.  of  Strata. 

Yds.     ft.    in.  Yds.    ft.    In. 

Dark  Metal      004 

White  Rock 012 

DarkMetBl      020 

White  Rock 004 

Dark  Metal       7     16 

Light  Warrant  Earth ..  2     0     6 

White  Rock     0     0  11 

Blue  Metal 2     2     4 

White  Rock      1     1     7 

Blue  Metal 1     1   10 

Black  Bass       003 

Coal      003 

Dirt 003 

Coal      003 

Dirt 006 

Coal      003 

Black  Warrant  Earth      0     1     5 

Grey  Leys 0     0  10 

Stone  Bind       1     1     2 

Blue  Metal 208 

Black  Bass        0     1     4 

Coal      002 

Warrant  Earth 1     2  10 

Brown  Burr 00     5 

Stone  Bind       029 

Strong  Blue  Metal       Ill 

Brown  Burr      00     7 

Stone  Bind 0     18 

White  Rock     0     1     8 

Strong  Stone  Bind       3     I   11 

Coal 0     0     1 

White  Warrant  Earth 10     8 

Black  Warrant,  with  Lron  Bands  ....  1     0     1 

Black  Bass 1     2  11 

Blue  Metal       1     2     7 


A         ^ 
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Depth  from  ThlckneM 

StvftMW.                                 Naks  or  Stbata.  of  Stnte. 

Tdt.     ft.    in.  Yds.     ft.    In. 

Black  Bass 109 

Coal 0    0     7 

Warrant  Earth 029 

Kocky  Warrant       0     1     0 

White  Eock 320 

GreyLeyfl 106 

Linsey 0    3  10 

Dark  Metal      0     I     9 

Coal      0     19 

Dirt 0     0     8 

Coal      004 

Dirt 0     0     6 

Coal      0     0  11 

Dark  Shaly  Warrant 1     1     8 

Black  Bass 006 

318     0     6^    GkxxiCoal 028 

Black  Warrant 016 

Eocky  Warrant       0     1     0 

White  Bock 200 

Eocky  Flue      1     2     2 

Blue  Metal  with  Iron  Bands      ..      . .  10     2     1 

Dark  Metal      322 

887     1  m    Coal      0     16 

Warrant  Earth 103 

Coal  with  Bassey  Tops        10     2 

Warrant  Earth 0     1     0 

Coal      004 

Warrant  Earth 004 

Coal      002 

Warrant  Earth 0     1  11 

BinnEock 10     1     4 

Eock  Bind        2     1     6 

Strong  Grey  Leys        118 

Dark  Metal      0     1     0 

White  Eock 113 
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Depth  from  ThteknaM 

Surface.                                   Namx  or  Strata.  of  Strata. 

Yds.     ft.    in.  Yds.    ft.    in. 

Dark  Metal      1     0     4 

Bassey  Metal       0     13 

Bastard  Cannel 0    0     6 

Coal       006 

Dirt 00     8 

Coal      .. 0    0  11 

Bastard  Cannel 0    0     5 

Warrant  Earth 0     12 

Metal  with  Iron  Bands 4     1     1 

Black  Bass 003 

Dark  Metal      0     1  10 

Blue  Metal 308 

White  Rock     0     1     3 

Grey  Leys 0    211 

Bine  Metal       3     1     0 

Binn  Coal,  Tops 018 

Do.       Dirt       0     1     7 

Do.       Coal 10     1 

Do.       Dirt       0    0     I 

375     0     8^           Do.       Coal 006 

Rocky  Warrant        0     2  10 

Do.   Plue 209 

Blue  Metal,  with  Iron  bands 6    0     0 

Black  Bass 10     3 

Dark  Metal      0     1     8 

Bassey  Metal        229 

Blue  Metal,  with  Iron  bands 2    0    4 

Black  Bass 0     1     6 

Strong  Grey  Leys 0    2     1 

Black  Bass 0     18 

Rock  Leys        1     2     6 

Strong  Metal,  with  Iron  bands  . .     . .  4     0     3 

Shale 003 

400    0  10^     Crombouke  Coal 114 

Dirty  Coal 0     2     0 
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Itepth  from  ThidcneM 

SurfMe.  ITucB  or  StB4Ta.  of  Btnta. 

Xds.     ft.    in.  Ydi.    ft.    in. 

Soft  Warrant  Earth 1     0  10 

.  Stronger    do.  116 

ShalyMetal 0    2    7 

Blue  Metal,  with  Iron  bands 1     2    9 

Black  Bass 020 

Coal 0     1     7 

Bassey  Coal  and  Warrant 0    0     8 

Dark  Warrant  Earth       0     1  10 

Light  do.  112 

Dark  Warrant  Earth,  streaked  with 

Coal      2     0  10 

Brassey  Coal,  Tops      0     17 

Do.         Dirt 00     6 

413     2     8i  Do.         Coal       10     0 

Warrant  Earth 026 

Strong  Metal,  with  Iron  bands  . .     . .  6     19 

Black  Bass       006 

Warrant  Earth 016 

Strong  Metal 0     2     6 

Do.    Butt 113 

Strong  Metal,  with  Eock  bands      ....  920 

Coal      0    0  11 

Dark  Metal       200 

Six  Feet  Mine,  Tops 0    2     6 

Do.  Black  Bass     0     1     2 

Do.  Wairant  Earth  ....  010 

Do.  Coal 0     0     4 

Do.  Warrant  Earth  ....  119 

440     2     7  Do.  Bottoms 1     1     3 

Black  Bass 0     12 

Warrant  Earth 1     1     3 

Black  Bass 017 

Warrant  Earth 220 

Coal  (inferior)      103 

Soft  Dirt 0     1     0 
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Depth  from 

Surfeee.  "Samm  of  Btbata.  of  StnU. 

Tdi.     ft.    In.  Yds.   ft.    In. 

Flaggy  Rock 020 

Strong  Metal,  with  Iron  bands       ....  1     1     0 

Grey  Bock 018 

Strong  Metal 2    24 

Dark  Motal,  with  Iron  bands     . .      . .  12    9 

Coal 008 

Warrant  Earth 123 

Soft  Dirt 009 

Strong  Metal  (Iron  balls) 116 

Strong  Blue  Metal 120 

Flaggy  Bock 006 

Burr  (light  coloured)       0    2     9 

Bock  (bed) 0     12 

Metal  (bullion) 0     1     2 

Strong  Linsey      020 

Bocky  Metal 0     1     4 

Groy  Bock  (good  bed) 0    2    0 

Burr  (parting) 00     6 

Blue  Metal 500 

Black  Bass        007 

469     2     4       (A)  Coal  (poor  quality)       0     2     6( 

Dirt 0    0  10 

Warrant        0     18 

Blue  Metal       8     1     8 

Coal      021 

Warrant 0    0  10 

Metal,  with  rock  beds 5    2    8 

Coal 0     1     2 

Dirt       0    0     4 

Coal 02     5 

Warrant       120 

Coal 004 

Warrant       009 

Metal        0    0  11 

Bock 14     1  10 
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Depth  from 

8ariMe. 

Tda.     ft.   In. 


506     0   10 


608     2     4 


ThlckiMM 

If  AMI  OF  Btsata.  Of  atnta. 

Yds.    ft.    In. 

Blue  Metal       303 

White  Coal  (good)       10     0 

Warrant 004 

Coal  (inferior)      0     111 

Warrant 0     2  11 

Black  Coal  (inferior) 0     2     3 

Warrant 0     1  11 

Coal       008 

Warrant 1     0     9 

White  Rock 525 

Black  Ba88        0     0  11 

Warrant       1     l     4 

Blue  Metal       62     2 

White  Rock 26     0     4 

White  Rock,  with  carbonaceous  partings  112 

White  Rock,  with  Burr      13     2     4 

Blue  Metal       2     0     1 

Coal  and  Dirt       003 

Blue  Metal,  with  Burr  balls 12     6 

Blue  Metal 220 

Grey  Leys 1     1     6 

Blue  Metal  (with  iron  bands)     . .      . .  1     2  10 

Dark  Metal       14     1     0 

Coal       007 

Warrant 0     2  11 

Blue  Metal 100 

White  Rock      1     1     0 

Grey  Leys 114 

Blue  Metal       22     5 

Coal       003 

Black  Bass        22     0 

Coal      00     1 

Warrant 00     9 

Coal      005 

Warrant 00     5 

Rocky  Warrant 028 

Blue  Metal       8     1     7 

Coal       026 

Warrant 00     9 

Rocky  Warrant 22     1 
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Depth  ftoBii 

Sorteoe.                                  Name  or  Strata.  of  Stnta. 

Tdt.     ft.    in.  Td«.    ft.    in. 

Rock  (fine  grit)        308 

Blue  Metal 3     10 

Warrant 009 

619     0  10       Coal      023 

Warrant 2     25 

Blue  Metal 1     1  11 

Rock 1     0  11 

Metal  (with  iron  bands)       114 

Dark  Metal       2     2  10 

Coal       003 

Warrant 12     0 

Metal  (strong)      323 

Rocky  Metal 12     0 

Rock 12     0 

Hill  Hole  Mine,  Coal      0    0     6^ 

„              Dirt 0     0     1^ 

„              Coal       0     2     0 

„              Bone 0    0     1 

639     0  lOi                y,              Coal       0     0     4^ 

Warrant 200 

Blue  Metal        62     6 

Coal       0     0     1 

Dirt 0     0     1 

648     2     6i     Coal       020 

Warrant 1     1     5 

Blue  Metal 412 

Grey  Flue,  with  Burr  beds     20    0     3 

White  Rock 1     1  11 

Flaggy      3     1  10 

White  Rock,  with  Burr 10    0     3 

White  Rock 320 

694     0  Hi    Trencherbone  Coal  (adjoining  a  want) .  0    2     7 

Black  Metal 10     1 

Blue  Metal,  with  streaks  of  coal   ....  3     0     I 

Basses 006 

702     0    3i    Coal  (inferior)  and  Dirt 3     1     8 

Blue  Metal 900 

711     1     7J     Coal  (good)       0     1     4 
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Mr.  Burrows  moved  a  vote  of  thanks  to  Mr.  Peace.  He 
said :  Mr.  Peace  is  very  modest,  and  made  the  paper  short, 
but  one  very  interesting  point  arises  which  is  well  worth 
notice  from  a  practical  point  of  view — that  is,  the  question 
of  the  rate  of  dip.  Our  colliery  is  north  of  Mr.  Peace's,  and 
our  dip  is  greater  than  his,  and  it  is  growing  flatter,  as  he 
says,  near  the  Nook  pits.  That  opens  up  the  question  of 
what  will  be,  in  future,  a  very  large  coalfield  imder  Ghat 
Moss.  If  the  dip  had  kept  as  we  had  it,  one  in  five,  or  one 
in  eight,  the  depth  near  Warrington  would  have  been 
enormous  ;  but,  if  the  dip  is  getting  flatter,  the  mines  under 
the  Moss,  towards  Warrington,  may  not  be  so  deep  as  we 
have  always  thought.  That  would  make  a  very  great 
difference  to  the  coalfields  of  Lancashire. 

Professor  Boyd  Dawkins  :  I  second  the  proposition,  and 
would  just  say  that  I  am  very  glad  indeed  to  hear  what  has 
been  said  by  the  proposer  of  it,  with  regard  to  the  flattening 
of  the  dip.  I  have  reason  to  believe  that  the  seams  are  not 
so  deep  between  Warrington  and  the  border  of  the  coalfield 
as  is  usually  supposed ;  for  I  do  know  that  some  of  the  Red 
Upper  Coal  Measures  with  Spirorbus  have  been  struck  at 
Winwick,  not  very  far  from  the  area  where  the  Warrington 
Corporation  are  getting  their  water  supply.  It  woidd  not 
be  the  case  if  the  dip  were  continued. 

The  vote  of  thanks  was  imanimously  passed,  and  Mr.  Peace 
having  acknowledged  it, 

Mr.  Dickinson  said :  I  would  like  to  say  a  word  or  two 
with  reference  to  what  Mr.  Peace  says  in  his  paper,  that  the 
seams  approach  nearer  to  each  other  at  the  dip.  Some  of 
that  is  accounted  for  by  a  change  in  the  thickness  of  the 
strata,  but  some  of  it  is  also  due  to  the  flattening  of  the 
measures.  Where  the  measures  are  steep  the  distance 
between  the  seams,  in  sinking,  is  augmented  in  consequence, 


464      BncusBioir — the  snnmro  of  ko.  3  kook  pit.    [Feb.,  1900. 

Mr.  Burrows  mentioned  the  dip  they  have  at  Aiherton. 
which  IB  rather  steeper,  but  in  coming  eastwards  they 
get  much  steeper  still.  For  instance,  the  Pendlebury  dip  is 
about  one  in  3^,  and  at  Pendleton  it  is  rather  steeper  than 
that.  At  Wigan,  on  the  other  hand,  many  of  the  mines 
are  comparatively  flat,  which  accounts  for  some  of  the 
difference  in  the  distance  between  the  mines,  as  they  flatten 
out  at  the  dip.  With  reference  to  what  Professor  Boyd 
Dawkins  has  said,  underneath  the  land  adjoining  Chat 
Moss  there  is  an  estate  belonging  to  one  of  our  members, 
Mr.  Lees  Knowles,  M.P.,in  which,  a  few  years  ago,  during  his 
father's  lifetime,  there  was  a  very  large  issue  of  fire-damp, 
coming  through  the  groimd  to  the  surface,  and  that  had  been 
going  on  for  a  long  time. 

Professor  Boyd  Dawkins  :  Through  the  red  rock  P 

Mr.  Dickinson  :  Coming  to  the  surface,  through  all  the 
overlying  measures;  and  the  late  Mr.  John  Knowles  was 
afraid  it  would  be  impoverishing  the  coal  from  which  it 
was  coming,  so  he  had  it  stopped.  I  should  like  to  mention 
that  in  this  section  of  Mr.  Peace's  the  Peel  Delph  rock 
was  passed  through,  and  Mr.  Peace  tells  me  that  he  found 
some  of  those  fossil  fruits  of  which  we  have  heard.  It  is 
one  of  the  rocks  not  very  far  from  the  White  Mine  and 
the  Black  Mine  coal. 


EXHIBIT. 


Mr.  William  Saint  exhibited  a  number  of  fossils  found 
in  the  MiUstone  Grit  in  Rossendale. 


This  concluded  the  business  of  the  meeting. 


TRANSACTIONS 


MANCHESTER  GEOLOGICAL  SOCIETY. 


Pakt  XVI.  Vol.  XXVI.  Sbssiok  1899-1900. 


The  Ordinary  Meeting  of  the  Members  was  held  on 
Tuesday,  March  ISth,  1900,  at  the  Society's  Rooms, 
Qaeen's  Chambers,  5,  John  Dalton  Street,  Manchester. 

The  President,  Mr.  W.  S,  Barrett, 
in  the  Chair. 


NEW  MEMBER. 


The    following    gentleman   was    balloted  for  and   duly 
elected  a  member  of  the  Society  : — 

Mr.  W.  Ollerbnshaw,  Manager,  Denton  Colliery,  Denton. 


Mr.  W.  F.  HoLROYD,  F.G.S.,  read  the  following  paper 
on  *'  Some  Further  Notes  on  the  Sea-beach  in  the 
Carboniferous  Limestone,   Derbyshire: — 
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SOME   FURTHER    NOTES   ON    THE   SEA- BEACH 

IN  THE  CARBONIFEROUS  LIMESTONE, 

DERBYSHIRE. 

Illustrated  by  Diagrams,   Microscopic  Sections,  and  a 
collection  of  Polished  Specimens. 

By  Messrs.  J.  Barnes,  F.G.S.,  and  W.  F.  Holroyd,  F.G.S. 
Read  by  Mr.  W.  F.  Holroyd. 


In  December,  1896,*  a  paper  was  read  by  us  upon  the 
occurrence  of  a  sea-beach  at  Castleton,  Derbyshire,  of 
Carboniferous  Limestone  age,  in  which  we  showed  by  the 
evidence  of  rolled  shells,  &c.,  that  the  upper  beds  of  limestone 
in  that  locality  were  laid  down  in  a  shallow  sea. 

On  March  6th,  1897,t  we  had  the  pleasure  of  bringing  to 
your  notice  another  paper  in  which  we  showed  that  wdl- 
roUed  fragments  of  a  fine-grained  limestone  of  a  different 
colour  and  texture  to  the  general  matrix  were  to  be  found 
embedded  in  the  rock,  sometimes  so  abundantly  as  to  form  a 
pudding-stone  or  conglomerate,  and  also  that  the  rock  was 
distinctly  oolitic.  This  rock  lies  about  half-a-mile  to 
the  west  of  Windy  EjioU,  and  is  also  found  at  Sparrow 
Pits. 

•  Traafl.  Man.  Geol.  8oc.,  Part  IV.,  Vol.  XXV.,  page  119. 
t  TranB.  Man.  Ged.  Soc,  Part  VII.,  VoL  XXV.,  page  181. 


Vol.  XZvi.]  SEA-BEACH   DEPOSITS   OF   BEBBTSHIEE.  467 

Again,  on  the  ISth  June,  1897,*  we  read  some  notes  on 
a  favourable  criticism  of  our  papers  by  Professor  Hull, 
in  which  we  mentioned  that  some  fossil  foraminiferal 
forms  had  been  found  in  the  rolled  and  water  roimded 
pebbles. 

At  the  request  of  your  Secretaries  we  again  appear  before 
you  to  add  something  to  our  former  papers  upon  these 
interesting  phenomena,  and  in  the  first  place  we  may  say 
that  the  list  of  the  localities  in  which  these  rolled  shells 
and  water-worn  pebbles,  &c.,  have  been  observed,  has  been 
much  extended. 

They  have  been  found  over  nearly  the  whole  outcrop  of 
the  Derbyshire  Limestone  area,  and  as  you  will  see  from  the 
map  that  is  a  very  large  area,  and  the  probable  reason  why 
they  do  not  occur  over  the  entire  area  of  the  limestone  is, 
that  in  some  localities  the  upper  beds  which  contained  them 
have  been  removed  by  denudation.  Further  afield,  the 
same  conditions  have  been  noted  at  Grassington,  in 
Wharfedale,  in  the  North  of  England;  at  BoUand,  in 
North  Lancashire;  at  Bristol,  in  the  rocks  forming  the 
gorge  of  the  Avon  ;  and  in  North  Wales,  at  Eglwyseg. 

Most  particularly  are  they  to  be  found  near  the  line  of 
jimction  with  overlying  shales,  and  this  seems  to  prove  that 
the  rolled  shells  and  pebbles  and  oolitic  rock  are  character- 
istic of  the  upper  part  of  the  Carboniferous  Limestone  as 
exposed  in  England. 

Secondly,  we  are  now  able  to  fill  up  a  most  important  gap 
in  our  former  papers,  and  notably  with  regard  to  the  age  of 
the  limestone  pebbles  forming  the  pebbly  conglomerate 
found  at  Windy  Knoll,  at  Sparrow  Pits,  Bradwell,  and  other 

•Trans.  Man.  Qeol.  Soc.,  Part  XI.,  Vol.  XXV.,  page  308. 
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places  (specimens  of  which  are  shown).  The  matrix  of  these 
specimens  is  made  up  of  fragments  of  shells  and  oolitic  grains, 
concretions  of  the  oolite  being  very  clear  and  easily  defined, 
and  through  the  rock  there  are  interspersed  numerous  well 
rounded  pebbles  of  various  sizes  from  half  an  inch  to  four 
inches  in  diameter,  of  a  fine  grained  very  compact  dark 
coloured  limestone.  We  sought  to  accoimt  for  the  presence 
of  these  pebbles  in  the  rock,  and  came  to  the  conclusion 
that  they  must  have  been  derived  from  some  previously 
existing  and  older  limestone  rock.  To  what  geological 
period  this  limestone  belonged,  whether  Silurian,  Devonian 
or  Carboniferous,  we  were  not  then  in  a  position  to  say, 
but  suggested  that  a  microscopical  examination  of  the  rock 
might  possibly  throw  some  light  upon  the  matter,  and 
settle  the  origin  of  the  pebbles. 

Latterly,  we  have  been  making  a  microscopical  examination 
of  thin  sections  of  these  pebbles,  and  also  of  sections  of  the 
upper  Umestone  rock,  and  we  find  that  they  both  contain 
the  same  species  of  foraminifera. 

Under  the  two  microscopes  on  the  table  you  will  find 
slides  containing  first,  a  section  of  the  undoubted  limestone 
rock  of  the  upper  beds,  and  second,  a  section  of  one  of  the 
pebbles.  As  both  these  sections  show  the  same  species  of 
foraminifera,  and  further,  as  the  forms  of  life  shown  are 
specially  characteristic  of  the  Carboniferous  Limestone,  there 
seems  to  be  no  doubt  left  that  this  determines  the  age  of  the 
pebbles,  and  confines  them  to  the  earlier  periods  of  the 
Carboniferous  Limestone  age,  and  shows  plainly  that  they 
have  not  been  derived  from  Silurian  or  Devonian  rocks  as 
might  have  been  the  case. 

On  comparing  the  contents  of  the  pebbles  and  those  of 
the  upper  limestone,  we  find  that  there  is  a  very  fair  number 
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MkUO-PHOTOS  of   FoKAMIMIFERA  ITBOM  THE  CA1LB0NI7KB0V6  LlMSSTOKB 

OF  Dbrbyshirb. 


Fig.  1.    X  40.    Endothyra  ammonoideB  (Brady)  from  pebble. 

„    2.  X  20.  „  „  ,,         t,    limestone. 

,y     3.  X  26.    Teztularia  ezimia  {d/ Hiehtcald)  &x>m  pebble. 

,y    4.  X  20.  „  „  „  ,,    limestone. 

„     5.  X  30.  Endothyra  Bowmani  {Phiiiipt)  from  ])ebble. 

„    6.  X  30.  „  „  „  „    limestone. 

, ,     7 .  X  40.  Trochammina  incerta  (d,'  Orhigny)  „  „ 

,,     8.  X  13.  M  fllum  (Sehmii)         „ 

„    9.  X  30.  Endothyra  radiata  (Brady)  „  „ 

„  10.  X  12.  Nodosaria  radicula  (Linne)  ,,  „ 

,f  11.  X  20.  „  ,,  ,,  from  limestone,  same  figure  enlaiged. 

„  12.  X  30.  Valvulina  Youngi  (Brady)  „  „ 
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FORAMINIFERA  from  the  CARBONIFEROUS  LIMESTONE  of  DERBYSHIRE. 
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of  species  represented  out  of  the  list  of  known  Carboniferous 
foraminifera. 

Foraminifera  are  minute  organisms,  mostly  marine,  and 
vary  in  size,  with  a  few  exceptions  from  t^tt  to  A^  of  an  inch 
in  diameter.* 

The  smaller  foraminifera  occur  in  the  older  rocks.  In 
the  newer  rock,  such  as  the  Cretaceous,  we  have  them 
reaching  an  inch  in  diameter. 

Their  range  in  space  is  extensive.  They  are  found  in 
every  ocean,  mostly  near  the  surface ;  only  a  few  rare  forms 
living  in  deep  water. 

They  are  also  very  abundant  in  shallow  water.  Their 
range  in  geological  time  is  also  extensive,  beginning  in  the 
Cambrian  and  persisting  through  all  the  geological  ages  up 
to  the  present. 

The  genera  of  these  minute  creatures,  as  represented 
in  the  Carboniferous  system,  are  few  in  number,  and  the 
species  are  not  very  numerous.  Many  of  them  are  very 
local,  and  some  extremely  rare,  so  that  for  comparative 
purposes  the  list  in  any  given  locality  is  not  a  very  lengthy 
one. 

On  the  blackboard  we  have  a  list  of  the  chief  divisions  of 
the  Carboniferous  Rhizopod  fauna. 

Speaking  generally,  we  may  say  that  foraminifera  are 
divided  into  two  sub-orders,  those  with  non-porous  or 
imperforate  and  those  with  porous  or  perforate  tests.  The 
imperforate  tests  are  of  two  kinds,  one  of  which  has  opaque 
porcellanus  shells  of  very  fine  texture,  the  other  has  a 
chitinous  layer  cementing  sand-grains  or  similar  extra- 
neous bodies. 

*  Nicholson's  Mamial  of  Palaeontology. 
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The  following  table  shows  the  genera  of  the  Carboniferous 
foraminifera* : — 

Sub-order  Imperforata : — 

Families — Gromida No  fossil  forms. 

Saccammina. 
Lituola. 

Haplophragmium. 
Lituolida  • .     • .  <  Trochammina. 
Glimaeomina. 
Valvulina. 
Endothyra. 

MilioUda No  fossil  forms. 

(  Nodosinella. 
(  Stacheia. 


Intermediates 


Sub-order  Perforata : — 
Families — 

Lagenida 


/"Lagena. 
I  Nodosarina- 


1 


Globigerinida 


Nummulinida 


Nodosaria, 
Deutalina 
Textularia. 
Bigenerina. 
Truncatulina. 
Pulvinulina. 
I  Calcarina. 

fArchcediscus. 
Amphistegina. 
Nimmiulina. 
Fusulina. 

The  above  list  embraces  forty  species. 


.1 


**' Brady,"     "Carboniferous    and    Permian    foraminifera  **    Monog. 
Palteontograph  See. 
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It  18  important  to  notice  that  the  Endothyra  is  the  most 
prominent  fossil  form,  in  fact  it  is  an  essentially  Carboni- 
ferous type. 

y  alvnlina  and  Trochammina  are  also  common  and  charac- 
teristic types,  and  these  are  the  three  main  forms  found 
conmionly  in  the  limestone  rock  and  in  the  pebbles.  The 
whole  series  of  f  oraminif era  is  much  more  common  in  the 
upper  beds  of  the  Mountain  Limestone,  and  in  the  Yoredale 
limestone  and  shales,  than  in  the  lower  beds,  and  only 
Saccamina,  Endothyra,  Yalvulina,  and  Trochammina 
appear  to  be  regularly  distributed  throughout  the 
limestone  deposit.  One  genus,  Fusulina,  not  recorded 
from  British  Carboniferous  strata,  is  said  to  make  up 
the  bulk  of  the  limestone  of  Russia  and  of  the  United 
States. 

The  older  rocks,  such  as  Silurian  and  Devonian,  contain 
only  a  few  species,  but  as  we  ascend  the  geological  scale,,  the 
number  of  species,  size,  and  importance  of  the  forminitera 
increases  in  a  very  rapid  manner,  until  we  find  them  as  very 
extensive  rock  builders  in  the  Cretaceous  and  Eocene  ages* 
The  genera  and  species  found  alike  in  the  limestone  and  the 
pebbles  are : — 


Endothyra  Bowmani. 
Endothyra  ammonoides. 
Saccammina  Carteri. 
Trochammina  anceps. 
Trochammina  incerta. 


Valvidina  bulloides. 
Valvulina  Youngi. 
Stacheia. 

Textularia  eximia. 
Nodosaria  radicula. 


The  following  is  the  list  of  species  detected  in  both  the 
pebbles  and  the  limestone,  and  doubtless  there  are  others 
which  may  have  been  overlooked  : — 
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Endothyra  Bowmani. 
y,         ammonoides. 
„         globulus. 
„         crassa. 
9,         radiata. 
Saccamina  Carteri. 
Yalvulina  palceotrochus. 
„         bulloides. 
„         Youngi. 
„        decurrens. 
Trochammina  filum. 
,,  anceps. 

,,  centrifuga. 

,,  incerta. 


Dentalina(P) 
Nodosaria  radiata. 
Lituola  Benneana. 
Textularia  eximia. 
,,         gibbosa. 
Stacbeia  margmulinoides. 

„       acervaliB. 

,,       pupoidea. 
Calcarina  ambigua. 
Nodosinella  concinna. 
Lagena  Parkeriana. 
ArcbsBdiscus  Earreri. 


One  of  the  specimens  of  limestone  from  wbicb  several 
slides  bave  been  made  contains  a  number  of  brancbes  of  coral 
of  tbe  kind  known  as  Syringopora  geniculata.  Tbe  inter- 
spaces are  crowded  witb  well  preserved  foraminifera  of 
various  kinds  but  cbiefly  Endotbyra  and  Trocbammina. 

It  is  interesting  to  note  that  tbe  limestones  laid  down  in 
deep  waters  are  fairly  bomogeneous  in  structure,  tbat  is,  tbey 
present  a  fairly  uniform  fine  grained  texture,  whilst  those 
deposited  in  shallow  water  present  the  greatest  variety, 
varying  from  coarse  conglomerate  to  fine  grained  oolitic 
detrital  and  mosaic  limestones. 

We  have  polished  specimens  upon  the  table  which  show 
these  varieties,  chiefly  from  the  Derbyshire  area. 

Summarising  the  facts  fairly  deducible  from  tbe 
observations  made  upon  foraminifera  in  the  pebbles  and  tbe 
limestones,  it  may  be  said  that  the  older  portions  of  the 
Carboniferous  Limestone  formation  must  have  been  deposited, 
consolidated,  and  exposed  to  denudation.  The  fragments  of 
this  rock  which  were  dislodged  were  then  exposed  to  the 
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action  of  the  waves  and  tides  of  the  sea,  and  were  rounded 
by  attrition,  and  then  re-deposited  to  form  part  of  the 
material  of  the  newer  portion  of  the  formation.  The  length 
of  time  which  must  have  elapsed  between  the  commencement 
and  termination  of  the  limestone  deposit  is  beyond  all  terms 
of  years  to  express.  It  must  have  been  very  great.  This 
then  is  the  explanation  of  finding  the  dark  coloured  limestone 
pebbles  embedded  in  the  lighter  upper  limestone,  and  the 
fact  of  the  foraminifera  being  so  abundant  in  the  interspaces 
of  the  coral  growth  shows  that  the  later  deposits,  at  all 
events,  were  laid  down  in  the  shallower  waters  of  the 
Carboniferous  sea,  and  we  may  say  that  not  only  have  we 
settled  the  origin  of  the  pebbles,  but  also  in  so  doing  have 
brought  to  notice  the  presence  of  one  half  the  figured  species 
of  foraminifera,  as  occurring  in  the  limestone  of  the  Derby- 
shire area.  Hitherto  the  specimens  described  and  figured 
have  mostly  been  obtained  from  the  North  of  England,  from 
Scotland,  and  from  Ireland.  With  the  exception  of  a  few 
specimens  from  Bakewell,  no  mention  is  made  in  records 
with  which  we  are  acquainted  of  any  from  the  Derbyshire 
Carboniferous  Limestone. 


The  President  said  this  was  not  the  first  time  that  Messrs. 
Barnes  and  Holroyd  had  given  the  Society  the  benefit  of 
their  investigations.  They  all  greatly  regretted  the  absence 
of  Mr.  Barnes,  especially  when  they  learned  that  iUness 
was  the  cause.  To  him  the  paper  had  been  of  very  great 
interest. 

Professor  Boyd  Dawkins  said  he  had  listened  with  the 
greatest  possible  pleasure  to  the  valuable  communication 
which  had  just  been  read,  and  felt  that  Mr.  Holroyd,  in 
conjunction  with  Mr.  Barnes,  in  bringing  this  as  one  of  a 
series  of  communications  was  really  acting  up  to  the  old 
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traditions  of  the  Society.  He  considered  that  a  paper  of  this 
sort,  full  of  local  work  and  local  colour,  and  scientifically 
accurate,  was  about  one  of  the  best  contributions  that  could 
be  made  to  science.  With  regard  to  the  subject-matter  of  the 
paper,  he  was  perfectly  astounded  to  find  so  many  of  those 
forms  of  life  in  the  Carboniferous  Limestone  of  Derbyshire. 
There  was  one  point  on  which  he  would  venture  a  remark. 
He  was  not  certain  that  the  pebbles  exhibited  by  Mr.  Holroyd 
might  not  have  had  the  same  kind  of  history  as  that  which 
he  had  observed  in  other  pebbles.  These  consisted  of 
carboniferous  mud  which  had  been  rolled  on  the  sea  shore, 
and  the  surface  of  them  has  been  covered  with  sand, 
but  now  they  were  perfectly  hard  rock.  He  thought  it 
possible  that  when  those  on  the  table  were  converted  into 
pebbles  they  were  not  in  a  hard  crystalline  condition  but 
that  they  might  have  been  formed  while  they  were  a 
calcareous  paste. 

Professor  Dawkins  moved  a  vote  of  thanks  to  Messrs. 
Barnes  and  Holroyd,  and  again  expressed  his  opinion  that 
the  work  which  these  gentlemen  had  done  with  regard  to 
the  limestone  was  very  valuable. 

Mr.  C.  R.  LiNDSEY  seconded  the  motion  which  was 
cordially  adopted. 

Mr.  Joseph  Dickinson,  F.G.S.,  said  he  noticed  that  the 
Geology  of  Castleton  had  been  brought  before  the  North  of 
England  Mining  Institute  of  Engineers,  by  his  old  friend  and 
colleague,  the  Inspector  of  Mines  in  Derbyshire,  and  in  one 
part  of  his  paper  he  alluded  to  the  communication  brought 
before  the  Manchester  Geological  Society,  by  Messrs.  Barnes 
and  Holroyd.  He  said:  '^  Those  who  have  studied  the 
palsDOntology  of  the  Mountain  Limestone  will  have  no 
difficulty  in  assigning  its  origin  to  marine  conditions,  and 
those  who  desire  to  question  whether  the  limestone  was  a 
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deep  or  shallow  sea  deposit  at  Castleton,  should  examine  the 
small  quarry,  about  half  way  between  Castleton  and  the 
Speedwell  Mine,  on  the  left  hand  side  of  the  road  leading 
from  Castleton  to  the  Winnatts,  where  Messrs.  J.  Barnes 
and  W.  F.  Holroyd  state  that  the  remains  of  a  sea-beach 
appear  in  the  limestone  formation,  and  from  this  it  is 
supposed,  that  whether  the  lower  limestone  be  a  deep  sea 
deposit  or  not,  the  upper  beds  round  Castleton  must  have 
been  deposited  in  shaUow  water/'  The  view  here  expressed 
coincided  with  what  Mr.  Holroyd  had  just  stated,  namely, 
that  this,  what  they  might  call  sea-beach,  was  originally  in 
shallow  water.  In  reference  to  the  question  of  the  origin  of 
the  peculiar  pebbles  in  the  limestone  he  wished  to  ask 
whether  they  could  not  be  accounted  for  by  the  aggregation 
of  silicious  matter  in  the  process  of  crystallisation  of  the  rock 
instead  of  supposing  them  to  have  come  from  some  distant 
place. 

Mr.  Holroyd  thanked  the  members  for  their  cordial 
reception  of  the  paper,  adding  that  the  providing  of  the 
materials  for  the  paper  and  the  frequent  journeys  of  Mr. 
Barnes  and  himself  to  Derbyshire  which  the  work  had 
entailed  upon  them  had  been  a  great  pleasure  to  both  of 
them. 

The  thanks  of  the  Society  are  also  due  to  Mr.  C.  B. 
Lindsey  for  his  kindness  in  preparing  the  admirable  micro- 
photographs  of  the  foraminifera  which  illustrate  the  paper. 
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RESUMED    DISCUSSION    ON    PIT    PROPS    AND 
THEIR    SETTING. 

By  Mr.  Joseph  Dickinson,  F.G.S. 


In  the  brief  discussion  when  the  paper  was  read  on 
November  14th  last,  some  members  expressed  the  hope  that 
more  details  of  the  methods  of  setting  props  and  bars  would 
have  been  given,  and  of  the  maximum  distance  apart  at 
which  props  should  be  set ;  whilst  on  the  contrary  other 
members  mention  as  a  reason  for  adjourning  the  dis- 
cussion that  the  paper  was  already  so  long  as  to  preclude  its 
being  thoroughly  discussed  on  merely  hearing  it  read.  In 
resuming  the  discussion,  therefore,  it  is  satisfactory  to  say 
as  to  the  two  points  on  which  more  was  expected  they  are 
still  open,  and  ample  enough  for  distinct  papers,  with  which 
perhaps  the  suggestors  will  at  an  early  opportunity  favour 
the  Society. 

The  present  paper  now  open  for  further  discussion  is 
mainly  an  historical  outline  written  in  hopes  of  reconciling 
two  points — Ist,  the  differing  tests  of  the  strength  of  the 
woods  commonly  used  in  mines,  and  2nd,  the  difference 
observable  in  the  angle  at  which  props  are  set,  especially 
where  the  dip  of  the  mine  is  steep. 

As  TO  THE  Strength  of  the  Woods,  the  paper  quotes 
records  for  nearly  four  centuries  showing  diversity  in  the 
results  of  tests.  In  addition  to  those  descriptions  I  have 
to-day  brought  for  view  a  sample  of  peculiar  structural 
growth  of  wood,  in  which  the  pith  and  first  two  years  of 
growth  are  surrounded  by  a  smooth  surface,  as  though 
vegetation  had  been  arrested  and  then  succeeded  by  the 
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furtlier  growth  of  many  years.  One  of  the  peculiarities  of 
this  specimen  is  that  over  a  small  knot  on  the  interior 
growth  the  overlying  rings  of  all  the  succeeding  years 
growth  are  twisted.  With  such,  and  other  evidences  of 
variation  of  internal  structure,  tests  of  strength  of  different 
pieces  of  wood  do  not  apparently  admit  of  uniformity 
nearer  than  that  obtainable  from  averages  between  the  two  . 
extremes  of  maximum  and  minimum  strengths.  The 
supposition,  however,  that  formerly  the  tests  were  made 
only  upon  small  pieces  of  selected  wood,  and  that  latterly 
the  tests  have  been  upon  larger  pieces,  is  a  subject  upon 
which  some  decision  may  be  arrived  at. 

The  degree  in  which  strength  is  lessened  in  proportion  to 
increased  length  has  recently  been  treated  upon  by  Mr. 
Robert  W.  Dron,  before  the  Mining  Institute  of  Scotland 
(Trans.  M.  E.,  Vol.  XVIII.),  in  which,  according  to  the 
authorities  quoted,  it  is  held  that  length  operates  only 
against  strength  when  the  length  exceeds  ten  times  the 
diameter.  Therefore,  as  the  length  and  diameter  of  many 
pit  props  approximate  this  ratio,  the  conclusion  arrived  at 
by  Professor  Louis  on  this  point  from  his  experiments  is 
practically  correct. 

As  TO  THE  Angle  at  which  Props  should  be  set, 
especially  in  steep  mines.  Whether  all  should  be  set  at  a 
rectangle  to  the  common  axis  of  pressure,  or  sufficient  of 
them  with  diverse  slopes  to  guard  against  occasional 
pressure  from  other  directions,  it  is  remarkable  that  entire 
uniformity  has  not  been  arrived  at  after  the  recorded 
thousands  of  years'  experience  of  mining.  Divided  opinion 
on  this  point  on  the  part  of  only  a  few  miners  may  be 
attended  with  consequences  besides  those  of  an  occasional 
toppling  over  of  a  whole  setting  of  props.  The  direction  in 
which  such  props  should  be  set  is  sometimes  put  as  a  question 
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in  examinations,  and  a  candidate  may  be  placed  at  a  serious 
disadvantage  if  his  and  the  examiner's  training  have  been 
under  differing  systems. 

The  supply  of  Pitwood  is  generally  treated  as  though 
it  were  inexhaustible.  Inadequate  home  supply  has  been 
readily  met  by  imports.  But  now  warning  is  being  given 
'  lest  the  serious  decrease  of  woodland  occurring  in  proportion 
to  the  area  of  all  parts  of  the  globe,  with  few  attempts  at 
re-planting,  may  bring  about  scarcity  of  timber  generally. 
From  statistics  taken  from  returns  on  "Forest  Devastation," 
furnished  by  Mr.  R.  W.  Dron,  in  Chambers*  Journal, 
January,  1900,  it  appears  that  the  percentages  of  the  area 
of  woodlands  are  being  greatly  reduced,  and  are  now  only : 
in  Europe,  31;  Asia,  20;  Africa,  20;  Australia,  20; 
America,  21  (including  the  United  States,  23 ;  and  Canada, 
37).  Those  of  the  United  Kingdom  being :  England,  4*8 ; 
Scotland,  4o ;  Wales,  35 ;  Ireland,  1*6.  The  percentages 
of  the  countries  whence  our  chief  imports  of  pitwood  come 
are  still  large,  namely :  Sweden,  34 ;  Norway,  24 ;  Finland, 
56 ;  Russia,  37 ;  but  these  areas  are  dwindling. 

Afforesting  with  firs  and  pines  might,  it  appears,  afford 
even  now  a  moderate  return.  Possibly,  therefore,  scarcity 
of  timber  may  be  avoided  by  the  replanting  of  large  areas. 
Even  should  the  outcome  of  pit  wood  prove  eventually 
unfavourable,  adequate  substitutes  may  be  found  in  increased 
pack  walling  and  steel  tubes  for  props. 

Hollow  Stebl  Tubes,  with  the  ends  closed,  are  now 
shown  by  Professor  Louis's  further  experiments  (Trans. 
M.  E.,  Vol.  XYII.)  to  be  capable  of  supporting  nearly  twice 
as  much  weight  as  wooden  props.  His  tests  were  made 
with  4-feet  lenghts  and  varying  diameters  and  thickness  of 
steel.  As  a  sample,  the  average  of  those  2|  inches  in 
diameter  and  iV  inch  steel,  weighed  18^  lbs.,  and  the  break* 
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ing  weight  was  6,563  lbs.  per  square  inch  of  area.     All 
broke  by  flexure,  each  giving  ample  warning. 

Apparently,  therefore,  although  waste  of  timber  (or  of 
anything)  is  to  be  deprecated,  whatever  may  result  from 
timber  becoming  less  plentiful,  props  of  some  kind  will 
continue  available  for  adequate  support  of  mines,  and  that 
apprehended  scarcity  of  suitable  material  need  not  influence 
our  present  discussion. 

I  have  a  letter  from  Professor  Louis  which  may  be  of 
interest  to  you.     Writing  on  11th  inst.,  from  the  Durham . 
College  of  Science,  Newcastle-on-Tyne,  he  says : — 
Dear  Sir, 

I  am  much  obliged  for  the  copy  of  yoiu*  paper  on  "Pit 
Props  and  their  Setting,"  which  you  were  good  enough  to  send 
me,  and  which  1  have  read  with  much  interest.  Of  course  I 
have  not  attempted  to  reply  to  such  criticism  of  my  results  as 
that  of  Mr.  Q.  L.  Kerr,  who  quotes  agamst  my  figures  those 
given  by  Mr.  T.  Box,  oblivious  of  the  fact  that  these  figures  are 
obtained  on  selected  blocks  of  wood  1  inch  cube ;  when  pit  props 
of  such  dimensions  come  into  practical  use,  his  arguments  may 
be  worth  considering — but  not  till  then. 

The  point  that  seems  to  have  puzzled  most  people  is  my  state- 
ment that  the  resistance  of  a  vertical  prop  to  crushing  is 
independent  of  its  length  within  the  limits  of  practical  work. 
This  not  only  results  clearly  from  my  own  experiments,  but  also 
follows  from  the  mechanical  theory  of  the  subject,  and  has  long 
been  known;  according  to  Hodgkinson  and  other  authorities, 
length  only  becomes  a  factor  when  the  length  is  greater  than  30 
diameters.  I  myself  take  a  lower  limit  and  consider  the  length 
unimportant  when  it  is  less  than  15  diameters.  Such  a  prop  as 
Mr.  Hall  suggests  in  his  discussion  on  your  jmper,  namely, 
3  inches  diameter  and  84  inches  high  is  of  course  unknown  in 
practice,  and  falls  equally  outside  the  limits  of  practical  work 
and  of  my  statements.  I  quite  agree  with  him  that  to  set  such  a 
prop  in  a  mine  would  be  ridiculous ;  surely  it  is  eqiuilly  so  to 
apply  my  rule  to  a  case  so  far  beyond  my  limits.  I  am  quite 
clear  on  the  point  that  within  the  limits  1  have  laid  down  the 
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length  of  a  prop  does  not  affect  its  strength,  except,  as  I  ha^e 
indicated  in  my  original  paper,  as  far  as  it  admits  of  the  inclusion 
in  the  prop  of  a  greater  number  of  weak  points ;  the  larger  the 
prop — whatever  its  diameter — the  greater  the  probability  of  finding 
a  weak  spot  in  it,  and  the  strength  of  a  prop  is  merely  that  of  ite 
weakest  part.  That  is  why  a  pit  prop,  taken  as  a  whole,  gives 
such  far  lower  results  than  do  the  small  carefully  selected 
specimens  tested  by  Young,  Box,  Molesworth,  etc. 

It  is  rather  remarkable  how  nearly  Butting's  figures  (five 
months  after  felling,  which  corresponds  nearly  to  my  average 
conditions,)  agree  with  my  own,  both  of  us  working  on  actual  pit 
props.  You  will  note  from  his  paper  that  he  also  finds  the  strength 
to  be  independent  of  the  length. 

Of  course  these  figures  only  apply  to  cases  where  the  prop 
yields  under  crushing  strains ;  the  moment  transvere  stresses  are 
set  up,  t.c,  when  the  wood  acts  as  a  beam  and  not  as  a  prop, 
length  becomes  an  important  factor.  This  must  occur  whenever 
the  prop  deviates  markedly  from  the  vertical — probably  whenever 
the  Une  of  pressure  at  the  top  falls  outside  the  base  of  the  prop. 

The  question  of  taper  has  never  yet  been  settled ;  no  one  seems 
to  know  to  what  extent  a  truncated  cone  is  stronger  than  a 
cylinder  having  the  same  area  as  the  smaller  end  of  the  cone.  I 
hope  to  investigate  this  question  some  day. 

I  send  you  herewith  a  ]mper  I  contiibuted  some  little  time  ago 

to  the  Colliery  Manager ^  in  which  I  have  gone  a  little  into  the 

mechanical  theory  of  timbering ;  this  bears  out  one  of  the  points 

raised  by  you,  and  may  interest  you. — {Colliery  Manager j  Dec. 

15,  1899.) 

Yours  sincerely, 

Henby  Louis. 

Mr.  Dickinson  :  The  letter  from  Professor  Louis  clears 
up  some  of  the  points  that  Mr.  Hall  brought  forward 
at  the  last  meeting. 

Mr.  Henry  Hall  said  he  thought  he  had  better  put 
himself  right  with  Professor  Louis  first.  He  did  not  dispute 
at  all  that  his  experiments  were  quite  correct.  He  thought 
there  was  no  doubt  that  the  crushing  stress  would  be  the 
same  whatever  the  length,  over  a  reasonable  length,  so  long 
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as  the  timber  was  of  the  same  strength  from  top  to  bottom ; 
but  where  he  differed  with  Professor  Louis  was  as  to  the 
utility  of  the  crushing  stress  in  reference  to  a  matter  of  this 
kind.  As  soon  as  eyer  the  crush  deviated  from  the  precise 
perpendicular  it  no  longer  became  a  crushing  stress  but  a 
transverse  one,  and  he  said  that  it  did  not  happen  once  in  a 
thousand  times  that  a  crush  came  on  in  this  perpendicular 
way  that  was  suggested  in  mines.  Therefore,  so  far  as 
Professor  Louis's  remarks  on  this  point  went  they  were  not, 
he  thought,  of  such  importance  as  might  be  supposed. 
Mr.  Dickinson  at  their  last  meeting  drew  attention  to  two 
particular  points  in  his  paper  which  he  said  very  few  of  the 
gentlemen  who  spoke  after  he  had  read  the  paper  had 
referred  to.  One  was  the  great  variation  in  the  amount  of 
crushing  stress  required  to  prush  timber  given  by  the 
different  authorities.  WeU,  he  had  read  Mr.  Dickinson's 
paper  through,  and  no  doubt  the  results  arrived  at  by  the 
authorities  varied  very  much — to  the  extent  of  fifty  per 
cent,  in  some  cases.  He  imagined  the  reason  for  that 
variation  was  that  the  timber  experimented  upon,  although 
called  by  the  same  name,  was  really  very  different  in  texture. 
He  could  imagine  timber  that  had  grown  slowly  would  be 
very  much  stronger  than  the  same  timber  that  had  grown 
rapidly.  He  saw  in  the  paper  attention  was  drawn  to  that 
by  the  measurement  of  the  growth  of  the  different  rings 
around  the  timber,  but  he  did  not  think  suj£cient  importance 
was  given  to  that.  He  thought  that  the  reason  the  experi- 
ments differed  so  much  in  their  results  was  found  in  these 
considerations.  Another  point  Mr.  Dickinson  drew  attention 
to  was  the  mode  of  setting.  Mr.  Dickinson  suggested  that 
it  might  be  useful,  say,  in  a  wide-work  face,  for  instance, 
that  part  of  the  props  should  be  set  at  one  angle  and  part  at 
another.  Well,  he  saw  exactly  what  Mr.  Dickinson  had  in 
his  mind,  and  no  doubt  if  they  could  hit  upon  the  right 
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angle  for  the  different  sets  of  props,  they  would  gain  an 
advantage ;  but  he  did  not  see  how  they  could  tell  from 
which  direction  the  crush  was  going  to  come.  Mr.  Dickinson 
suggested  the  crush  would  come  towards  the  dip.  It  would 
come  towards  the  dip,  no  doubt,  if  there  were  not  other 
circumstances  favouring  its  coming  in  some  other  direction. 
Hence,  he  considered  it  almost  impracticable  to  set  the  props 
at  different  angles  in  different  directions,  and  in  the  end  the 
best  plan  would  be  to  set  them  at  right  angles  to  the  dip. 
As  a  matter  of  fact  they  never  were  set  exactly  at  right 
angles  to  the  dip.  At  a  meeting  of  the  Midland  Institute 
rather  a  novel  suggestion  was  made  in  regard  to  setting 
props.  It  was  that  the  bottom  of  the  prop  should  be  tapered 
down  to  about  one  half  its  width,  so  that  when  the  weight 
come  on  this  tapered  part  would  buckle  and  bulge  out,  as  it 
were,  and  so  avoid  the  prop  being  broken  in  the  middle.  At 
that  meeting  several  Colliery  Managers  said  they  had 
practised  the  suggestion,  and  one  of  them  said  the  practice 
resulted  in  25  per  cent,  of  saving  of  timber.  He  did  not 
know  how  they  made  it  out,  nor  how  they  managed  it,  for 
he  imagined  the  result  would  be  that  every  prop  that  was 
tapered  down  in  this  way  would  be  damaged  to  the  extent  of 
some  five  or  six  inches  at  any  rate,  and  would  no  longer  be 
suitable  for  that  seam.  It  had  been  suggested  by  several 
Colliery  Managers  that  a  far  better  plan  than  tapering  the 
props  would  be  to  fix  some  softer  timber  at  the  top  or  bottom 
so  that  when  the  stress  came  the  prop  would  sink  into  the 
softer  wood  and  so  avoid  being  broken.  That  seemed  to  hiTn 
a  very  useful  suggestion. 

Mr.  J.  Gerrard  concurred  with  Mr.  Hall  that  if  they 
could,  in  the  way  suggested,  prevent  the  breaking  of  the 
prop  it  would  be  a  great  improvement.  He  was  sure  that 
the  members  who  were  interested  in  this  important  question 
of  timbering  in  mines  would  read  again  and  again  Mr. 
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Dickinson's  valuable  paper.  He  also  desired  to  say  that  his 
experience  led  him  to  agree  with  Mr.  Hall's  observation  at 
a  previous  meeting.  One  often  found  in  investigating 
fatalities  from  falls  of  roof  that  it  was  an  entire  absence  of 
props  rather  than  their  weakness  which  had  caused  or 
contributed  to  the  accident. 

Mr.  James  Tonge  also  expressed  his  agreement  with  Mr. 
Hall  that  it  would  be  much  better  if  instead  of  tapering 
the  props  they  put  a  piece  of  softer  timber  on  the  floor 
or  against  the  roof,  above  or  beneath  the  prop. 

Mr.  Dickinson  said  there  was  a  difference  of  opinion 
among  colliery  managers  as  to  the  setting  of  props.  Some 
argued  that  all  the  props  should  be  set  at  right  angles, 
while  others  said  they  should  have  a  slight  lean  up  the  hill ; 
and  seeing  this  was  a  question  sometimes  put  by  examiners 
to  candidates  for  Managers'  Certificates  he  had  thought  it 
well  to  bring  the  subject  before  the  Society  and  the  mining 
public  so  that  it  might  be  seen  this  was  not  a  point  which 
was  so  dogmatically  settled  as  to  be  put  as  a  question  to 
which  the  answer  "  Yes  "  or  "  No  "  would  perhaps  affect  a 
candidate's  passing  as  a  Colliery  Manager.  Another  point 
he  had  in  view  was  to  reconcile,  if  possible,  the  great 
variations  in  the  results  of  the  tests.  But  that  was  not 
the  only  point.  The  way  in  which  many  of  the  results 
were  tabulated  in  some  of  the  different  pocket-books  was  so 
obscure  that  one  really  had  a  doubt  whether  every  person 
understood  what  he  was  writing  about.  He  had  tried  to 
bring  together  the  different  names  by  which  persons  called 
the  same  thing,  and  to  give  explanations,  so  far  as  he  could, 
so  that  these  things  might  be  intelligible  to  the  rising 
generation.  He  hoped  he  had  thrown  some  light  on  the 
subject — ^he  had  endeavoured  to  do  so — and  that  the  result 
would  be  profitable  to  the  yoimg. 
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Mr.  J.  H.  W.  Laverick  writes  as  follows : — Observing 
that  in  the  discussion  on  the  above,  reference  was  made 
to  the  Hepplewhite  Tapered  Prop,  he  would  like  to  correct 
one  or  two  misapprehensions  with  reference  to  the  same. 
It  is  found  from  experience  that  the  tapered  pr6p  does  not 
"  buckle  **  (this  is  what  the  ordinary  props  do),  but  they 
"  fuzz  "  out  at  the  bottom  which  is  what  is  aimed  at. 
As  to  the  suitability  of  tapered  props  for  a  particular  seam, 
experience  alone  can  decide.  In  the  case  of  a  strong  roof 
and  a  strong  floor,  it  is  found  that  tapering  is  a  distinct 
advantage,  and  preserves  the  life  of  a  prop  very  considerably. 
After  two  or  three  settings  a  tapered  prop  wiU  become 
shortened,  and  a  soft  lid  at  the  foot  may  be  used  with 
advantage.  From  an  economical  point  of  view  it  is  not 
advisable  to  use  a  soft  lid  at  the  foot  until  the  shortening  of 
a  prop  makes  it  necessar}^  because  the  lid  will  probably  be 
left  behind  in  the  gob. 

Tapered  props  can  be  adopted  to  better  advantage  where 
seams  of  varying  thickness  are  being  worked,  so  that  when 
the  props  become  too  short  for  one  seam,  they  can  be  sent 
out,  re-tapered,  and  used  in  another  seam. 


TEANSACTIONS 
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MANCHESTER    GEOLOGICAL    SOCIETY. 

Pabt  XYII.  Vol.  XXYI.  Skssion  1899-1900. 

The  Ordinary  Meeting  of  the  Members  was  held  on 
Tuesday,  April  10th,  1900,  at  the  Society's  Rooms, 
Queen's  Chambers,  5,  John  Dalton  Street,  Manchester. 

The  President,  Mr.  W.  S.  Barrett, 
In  the  Chair. 


THE   LATE  Mr.  G.   H.  MORTON,  F.G.S. 


Before  the  commencement  of  the  ordinary  proceedings 
Mr.  Mark  Stirrup  asked  permission  of  the  President  to 
refer  to  the  loss  which  the  Society  had  sustained  in  the 
recent  death  of  one  of  their  Honorary  Members,  Mr.  George 
H.  Morton,  F.G.S.,  of  Liverpool,  a  geologist  well  known  for 
his  work  among  the  Carboniferous  Limestone  rocks  of  North 
Wales  and  the  Triassic  strata  of  Liverpool  and  neighbour- 
hood. 

It  will  be  remembered  that  so  recently  as  the  closing 
meeting  of  the  last  session,  Mr.  Morton  exhibited  and 
explained  to  the  members  his  large  map  of  the  geology  of 
Liverpool,  upon  which  he  had  been  engaged  for  many  yean>, 

17 
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following  up  as  opportunity  offered  the  tracing  of  the 
limits  of  the  Triassic  beds  and  the  faults  which  pervaded 
them. 

Mr.  Morton's  collection  of  Carboniferous  Limestone  and 
other  fossils  was  well  known  to  g^logists  for  its  complete- 
ness, and  the  admirable  order  in  which  it  was  kept. 

In  conclusion  Mr.  Stirrup  moved  that  a  vote  of  sympathy 
and  condolence  with  the  family  of  Mr.  Morton  be  passed 
and  forwarded,  as  follows  :-r- 

"  That  the  Society  has  heard  with  great  regret  of 
the  death  of  their  respected  Honorary  Member,  Mr. 
Gborge  H.  Martin,  F.G.S.,  of  Liverpool,  so  long 
appreciated  as  an  able  exponent  of  the  Geology  of 
that  City  and  of  the  Carboniferous  rocks  of  North 
Wales." 

''Further  that  the  Society  desires  to  express  deep 
sympathy  and  condolence  with  his  family  in  their 
bereavement." 

Mr.  Joseph  Dickinson  seconded  the  motion,  which  was 
unanimously  adopted. 


Mr.   Mark   Stirrup   contributed  the    following    notes 
*^  On  the  Minerals  Celestine  and  Baryto-Celestine  '* : — 
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ON  THE  MINERALS  CELE8TINE  AND   BARYTO- 
CELE8TINE. 

By  Mr.  Mark  Stirrup,  F.G.S. 


I  am  indebted  to  a  friend,  resident  at  Bristol,  for  the 
specimens  of  Celestine  and  its  associated  mineral  Baryto- 
Celestine  now  lying  on  the  table.  They  come  from  a  new 
section  in  Rhoetic  strata  which  has  been  recently  exposed,  a 
detailed  report  of  which  has  been  presented  to  the  Geologists' 
Association  of  London  by  Mr.  W.  H.  Wickes,  the  author.* 

The  mineral  Celestine,  or  Sulphate  of  Strontium,  occurs 
but  sparingly  in  the  British  Isles,  but  its  presence  has  long 
been  known  in  the  rocks  underlying  and  around  Bristol, 
where  it  has  been  extracted  for  commercial  purposes.  It 
occurs  either  crystalline  or  massive. 

The  principal  source  of  supply  is  the  Keuper  Marls,  in 
which  the  mineral  is  found  very  irregularly  distributed  in 
the  shape  of  nodules,  or  oval  and  rounded  blocks  varying 
from  a  few  oimces  to  more  than  a  ton  in  weight. 

The  Keuper  Marls  sometimes  rest  conformably  on  the 
Keuper  Sandstone,  and  in  other  sections  may  be  seen  lying 
upon  the  upturned  edges  of  the  Carboniferous  Limestone. 

Small  crystals  of  Celestine  often  occur  disseminated 
through  the  marls,  but  the  finest  specimens  have  been 
obtained  from  cavities  in  the  limestone  rock. 

The  blocks  of  the  massive  variety  of  mineral  usually  occur 
at  the  base  of  the  marls,  a  circumstance  which  may  tend  to 
explain  the  mode  of  their  deposition. 

From  the  form  and  position  of  these  blocks,  it  would 

appear  that  the  Keuper  Marls  are  not  themselves  the  source 

of  the  mineral,  but  are  merely  the  matrix,  as  it  were,  into 

which  waters,  containing  the  sulphates  in  solution,   have 

♦  Proc.  Geol.  Aas.,  Part  7,  Vol.  XVI.,  May,  1900. 
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filtered  from  superincumbent  beds  (probably  Rhoetic),  and 
afterwards  slowly  deposited  their  mineral  contents,  which 
have  segregated  and  crystallized  as  shown  by  the  specimens. 

Small  deposits  of  Celestine  and  Baryto-Celestine  are  often 
being  exposed  in  the  neighbourhood  of  Bristol  and  Clifton 
when  excavating  for  the  foundations  of  new  buildings. 

The  usual  companions  of  Celestine  in  the  stratified  rocks 
are  gypsum  and  rock  salt,  but  fine  cystals  of  Celestine  asso- 
ciated with  sulphur  are  found  in  Sicily. 

The  crystals  are  either  rhombic  prisms  or  tabular ;  often 
long  and  slender ;  the  Bristol  specimens  are  as  a  rule  of  the 
tabular  form. 

Strontian,  in  Argyleshire,  where  the  mineral  was  first 
recognised,  has  the  honour  of  contributing  the  name  of  the 
metal  Strontium,  while  the  name  Celestine  has  been  given  on 
account  of  its  sky-blue  colour,  a  feature  which  Bristol 
specimens  rarely  possess,  they  being  usually  white. 

The  composition  of  the  sulphate  of  strontia  is  given  as 
strontia  =  66-4,  sulphuric  acid  =  43*6  per  cent. 

It  colours  the  blow  pipe  flame  a  carmine  red,  and  is 
employed  for  producing  a  red  colour  in  fireworks  and  other 
industrial  purposes. 

Sometimes  baryta  and  lime  are  present,  replacing  some  of 
the  strontia,  as  in  some  of  the  specimens  on  the  table. 

The  Baryto-Celestine  examples  my  correspondent  seems  to 
appreciate  more  than  the  Celestine,  owing  doubtless  to  their 
scarcity.  He  writes  me  to  the  following  effect : — "There  is 
very  little  of  this ;  in  fact,  while  there  are  hundreds  of  tons 
of  Celestine  round  Bristol,  I  doubt  if  there  are  the  same 
number  of  ounces  of  this  Baryto-Celestine,  which  is  a  great 
rarity  in  a  mineralogical  sense.  Bristol  is,  so  far  as  is  known, 
the  only  British  locality  for  Baryto-Celestine." 

Mr.  Norman  Collie,  in  a  paper  on  the  Celestine  and 
Baryto-Celestine  of  Clifton,  in  the  Proceedings  of  the  Bristol 
Naturalists  Society,  1879,  gives  several  analyses  of   these 
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minerals,  and  remarks  that  barium  was  present  in  considerable 
quantity  in  some  of  the  specimens,  but  he  failed  to  detect  cal* 
cium,  or  any  other  substance  but  strontium  and  sulphuric  acid. 

In  Mr.  Collie's  analyses  of  the  relative  proportions  of  the 
sulphate  of  strontium  and  sulphate  of  barium  in  his  Clifton 
specimens,  they  were  found  to  vary  very  considerably,  the 
results  of  which  are  given  in  the  paper  referred  to. 

Mr.  Collie  says: — "From  these  numbers  it  is  obvious  that 
the  Celestine  of  this  neighbourhood  is  an  isomorphous  mix- 
ture, in  varying  proportions  of  the  two  sulphates,  and  on  the 
supposition  that  it  has  been  slowly  deposited  from  aqueous 
solution,  we  should  expect  this  to  be  the  case,  the  amount  of 
each  sulphate  varying  with  the  amount  of  sulphate  in  solu- 
tion. Again,  as  sulphate  of  strontium  is  much  more  soluble 
than  sulphate  of  barium,  we  should  expect  the  former  to  pre- 
ponderate in  a  mixture  separating  from  solution,  and  that  is 
exactly  what  we  observe  in  the  case  of  Bristol  Celestine, 

The  occurance  of  Baryto-Celestine,  that  is  to  say,  of  a 
mineral  containing  such  a  large  proportion  of  sulphate  of 
barium  is  remarkable,  considering  the  fact  that  so  much 
sulphate  of  strontium  occurs  in  the  neighbourhood ;  and  it 
can  only  be  accounted  for  by  assuming  that  the  bed  from 
which  the  the  sulphates  were  originally  dissolved  out,  con- 
tained a  very  large  proportion  of  sulphate  of  barium  as 
compared  with  sulphate  of  strontium.  One  would  scarcely 
have  expected  specimens  to  vary  so  widely  in  composition 
where  they  occur  so  close  to  each  other  as  those  which  I 
examined,  and  I  think  that  this  difference  of  composition  is 
of  much  interest." 

Mr.  DiCKiNSox  asked  what  was  the  commercial  purpose 
for  which  celestine  was  used. 

Mr.  Stirrup  said  it  was  used  for  sugar  refining,  he 
thought,  but  it  was  also  used  by  pyrotechnists  for  producing 
a  red  flame. 
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Mr.  G.  C.  Greenwell  wrote  as  follows : — 

''  I  am  sorry  that  my  present  state  of  health  will  not 
allow  me  to  attend  the  meeting  of  the  Manchester  Geologi- 
cal Society  on  Tuesday. 

'^Celestine  (sulphate  strontia)  has  been  found  in  large 
quantities  in  Gloucestershire  at  Tate  and  elsewhere.  I  have 
seen  it  at  Tate  where  it  is  found  in  a  somewhat  irregular 
stratum  or  deposit  in  new  red  sandstone,  where  it  lies 
near  the  surface  as  a  bed  one  or  two  feet  in  thickness.  I 
brought  away  several  specimens,  some  crystalline  in  good 
crystals  and  some  coarsely  saccharine.  It  was  sold  at 
Tate  by  truck  load  at  Tate  Station  for  about  10s.  per  ton, 
a  royalty  of  28.  6d.  per  ton  being  paid  to  the  then  Kector  of 
the  Parish  for  that  got  from  the  Glebe.  I  gave  my  best 
specimens  to  the  Natural  History  Society  of  Newcastle- 
upon-Tyne." 

Mr.  Dickinson  remarked  that  a  royalty  of  25  per  cent,  on 
the  selling  value  of  a  mineral  seemed  very  high. 

Mr.  LiNDSEY  said  that  in  the  blue  book,  dealing  with 
Mines  and  Quarries  for  1898,  the  total  amount  of  celestine 
raised  was  returned  at  over  13,000  tons,  against  15,000  tons 
for  the  preceding  year,  so  that  this  was  a  larger  industry 
than  was  generally  supposed. 

The  President  remarked  that  he  had  met  with  specimens 
of  the  Celestine  or  Baryto-Celestine  in  a  mine  in  the  south  of 
Ireland.  The  mineral  there  was  much  stained,  and  to  get 
rid  of  the  stains  acid  was  used.  Freed  from  stains  the 
article  had  a  much  higher  selling  value.  He  did  not 
remember  whether  there  was  any  blue  stain  in  the  mineral. 
He  moved  that  the  thanks  of  the  meeting  be  given  to  Mr. 
Stirrup  for  his  contribution. 

Mr.  Dickinson,  in  seconding  the  resolution  mentioned 
that  there  were  several  barytes  mines  in  Ireland  in  which 
the  mineral  had  been  found. 

The  resolution  was  passed. 


Mr.  Joeeph  Dickinson  contributed  the  following  notes  on 
the  late  Mr.  John  Nixon  and  Sir  George  Elliott,  Bart. : — 
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THE    LATE    Mr.    JOHN    NIXON    AND 
Sir    GEORGE    ELLIOTT,    Bart. 

Brief   Notes  by   Joseph   Dickinson,   F.G.S. 


We  are  justly  proud  of  the  Manchester  Geological  Society. 
Established  in  1838,  and  yet  in  the  vigour  of  youth.  A 
generation  ago  we  were  aroused  by  something  like  threaten- 
ed legal  proceedings  by  the  British  Museum  for  omitting  to 
send  them  a  copy  of  our  printed  transactions.  Now  it  seems 
they  have  a  plethora  of  published  literature  for  which  they 
cannot  find  room,  and  are  moving  the  House  of  Lords  to 
deliver  them  from  the  dilemma.  Whether  our  honorary 
secretaries  foreseeing  this  coming  change  and  wishing  to 
shorten  some  of  our  ponderous  papers,  or  perhaps  desiring 
something  more  lightsome,  have  announced  for  this  meeting 
"  Short  communications  will  be  gladly  received."  It  can 
scarcely  be  the  want  of  papers  or  they  would  have  made  the 
want  more  known.  Be  the  cause  what  it  may,  I  have 
pleasure  in  responding  with  a  few  hasty  notes  on  two 
deceased  colliery  owners,  Mr.  John  Nixon  and  Sir  George 
Elliott^  who  were  friends  of  mine  from  my  boyhood. 

Mr.  John  Nixon,  the  well-known  South  Wales  Steam  Coal 
Colliery  Owner,  has,  I  see  by  a  recent  review  in  the  Man- 
ehcBier  Ouardian,  been  recently  perpetuated  in  a  Memoir  of 
some  245  pages  by  Mr.  James  Edward  Vincent  (John 
Murray)  which  I  hope  to  see.  The  working  of  Welsh  Steam 
Coal  did  not  originate  with  him.  Before  he  began,  the 
Dowlais  Company,  where  I  was  engaged  between  7  and  8 
years,  had  long  worked  and  used  1,500  tons  a  day  in  mak- 
ing iron,  leaving  the  surrounding  hills  and  valleys  almost 
free  from  smoke,  others  did  likewise.  What  Mr.  Nixon  did 
was  developing  the  export  of  the  coal,  from  what  became 
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known  as  "  Sea  Goal  Collieries/'  to  which  South  Wales  now 
owes  much  of  its  prosperity. 

As  in  some  of  the  tales  in  weekly  periodicals,  he  is  repre- 
sented as  making  his  way  from  the  position  of  colliery 
overman  at  3s.  6d.  a  day.  When  I  first  knew  him  he  was 
about  finishing  his  pupilage  in  a  colliery  as  I  was  entering 
my  pupilage  with  a  mining  and  civil  engineer.  He  was 
my  senior  by  a  few  years.  Work  then  generally  began 
earlier  than  now.  I  was  14^  years  old.  The  idea  was  not 
to  leave  entering  on  the  duty  of  life  until  a  person  became 
too  big  and  too  old  to  ask  questions  or  be  supposed  to  know 
what  he  was  ignorant  of,  but  to  supplement  wanted  learning 
by  evening  tuition,  although  office  hours  did  not  terminate 
until  8  o'clock,  Saturdays  included. 

He  lived  near  Winlation,  5  miles  West  of  Gateshead-on- 
Tyne,  in  County  Durham.  His  family  were  substantial 
residents  and  visited  with  my  family.  He  had  four  sisters, 
all  good  looking.  The  elder  two  were  each  married  to  col- 
liery viewers  both  named  Gray.  The  youngest  afterwards 
married  similarly;  but  the  third  one,  I  think  remained 
unwon,  but  possibly  it  may  have  been  otherwise  as  I  left 
Northumberland  for  South  Wales  in  1840,  and  I  have  since 
been  an  absentee  except  as  a  visitor.  When  I  first  made  his 
acquaintance  he  was  at  Garesfield  colliery  belonging  to  Lord 
Bute,  where  his  brother-in-law  Mr.  John  Gray  was  the 
viewer.  He  might  in  gaining  experience  be  an  overman,  as 
stated,  earning  3s.  6d.  a  day,  but  was  never  likely  to  remain 
in  that  position. 

Soon  afterwards  he  was  engaged  in  opening  a  colliery  in 
France.  During  this  an  accident  occurred,  which  may 
remind  many  miners  of  like  experience  in  their  own  life. 
In  sinking  the  shafts  air-pipes  were  used,  the  fixing  of  them 
being  by  strong  iron  holdfasts ;  and  in  descending  the  end 
of  one  of  these  holdfasts  caught  him  by  the  seat  of  his 
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trousers  and  left  him  hanging  as  the  hoppet  went  on  down- 
wards. His  natural  doubts  lest  the  cloth  or  the  holdfast 
might  fail  may  easily  be  imagined.  Fortunately  both  held 
good  until  he  was  rescued. 

Another  of  his  early  works  was  the  making  of  a  report 
on  Lord  Bute's  leased  mineral  property  near  Merthyr 
Tydvil.  This  I  had  an  opportunity  of  reading  when  at 
Dowlais.  It  alluded  to  the  waste  of  coal  left  in  pillars 
between  the  stalls,  which  was  then  common  in  the  thick 
seams  with  bad  roofs,  but  has  now  been  rectified  by  long- 
wall.  The  time  for  change  had  not  then  come.  Miners 
generally  liked  to  have  their  own  place. 

He  afterwards  began  his  career  as  colliery  owner,  com- 
mencing with  a  shallow  colliery  at  Hafod,  in  the  Aberdare 
Valley,  which  I  had  opportunities  of  visiting.  Later  on  he 
opened  on  the  dip  at  Navigation.  At  the  latter  he  applied 
a  very  large  horizontal  air  pump  for  ventilation,  on  the 
Mahoux  principle,  and  it  is  still  called  the  Nixon  ventilator. 
He  always  had  a  scientific  bent.  One  question  he  propounded 
when  on  a  visit  to  me  was  : — "  Is  it  steam  or  water  when 
without  any  escape  the  inside  of  a  strong  globe  is  filled  with 
water  and  the  globe  heated  to  a  high  temperature?"  I  last 
saw  him  in  a  Committee  Room  of  the  House  of  Commons. 
He  was  then  tall,  thin,  and  wiry,  as  before. 

Sir  George  Elliot,  Bart.,  really  did  begin  life  about 
eight  years  of  age,  as  a  door  boy  or  trapper  in  a  colliery. 
His  father,  however,  before  him  had  made  his  way  to  be  a 
colliery  official  and  lived  in  a  double  house  at  the  end  of 
Shiney  Row,  at  Pensher,  in  County  Durham,  which  may 
have  removed  some  of  the  obstacles  to  the  son's  advancement. 
I  have  stayed  there,  and  when  he  became  a  fireman  I  have 
gone  the  round  of  the  workings  with  him  in  early  morning 
to  see  the  places  free  from  gas  before  the  colliers  entered. 

He  had  too  much  energy  to  remain  down.     The  first  main 
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conclusion  he  arrived  at  was  to  obtain  scientific  knowledge; 
and  rather  late  in  life  (he  being  my  senior  in  age)  he  came 
to  Mr.  Thomas  Sopwith's,  with  whom  I  was  a  pupil,  and  he 
was  with  us  assisting  on  several  important  engineering 
works,  including  setting  out  the  Great  North  of  England 
Railway  between  Newcastle-on-Tyne  and  York,  of  which 
Mr.  Thomas  Storey  was  the  engineer. 

Until  middle  life  he  was  proud  of  and  claimed  extra 
practical  knowledge  from  his  very  early  beginning  in  the 
pit.  I  once  at  an  inquest  thought  I  had  offended  him  by 
rejoining  that  he  would  have  been  better  at  school.  He, 
however,  laughingly  related  the  incident  to  my  family. 

As  is  well  known  he  became  a  large  colliery  owner  in 
Durham,  North  Staffordshire,  North  Wales,  and  South 
Wales,  having  his  offices  in  George  Street,  Westminster. 

Like  many  north  country  miners  he  was  fond  of  anecdotes ; 
and  it  is  said  that  he  was  the  life  of  the  government  party 
when  sailing  out  to  see  how  the  then  newly  acquired  island 
of  Cyprus  could  be  utilized.  I  could  say  more,  but  the  call 
for  short  communications  is  before  me. 


The  President  said  the  Society  was  very  much  indebted 
to  Mr.  Dickinson  for  the  paper.  It  was  desirable,  he 
thought,  that  occasionally  they  should  turn  aside  from  the 
more  serious  subjects  of  study  and  be  led  to  think  of  men 
who  had  been  engaged  in  the  same  branches  of  work  as  they 
themselves  were.  In  this  case  Mr.  Dickinson  had  added  to 
the  interest  in  his  theme  by  giving  some  of  his  own  recol- 
lections of  the  men  referred  to.  He  had  much  pleasure  in 
moving  that  the  thanks  of  the  meeting  be  accorded  to  Mr. 
Dickinson. 

Mr.  W.  Saint  seconded  the  proposal  which  was  passed. 


The  following  communication  on  the  Salford  Earthquake 
wassent  by  Mr.  C.  E.  De  Range,  A880C.Inst.C.E.,  F.G.S. : — 
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THE    SALFORD    EARTHQUAKE. 
By  C.  E.  De  Range,  Assoc.Inst.C.E.,  F.G.S. 


The  current  number  of  the  Geological  Magazine  (No. 
429),  contains  an  interesting  communication  from  Dr. 
Charles  Davison,  F.G.S.,  on  "  Minor  British  Earthquakes 
in  1893-99,"  and  they  are  of  special  interest  at  the  present 
moment,  in  regard  to  the  Earth- wave  which  traversed 
Salford,  on  Saturday  morning,  the  7th  of  April.  Dr. 
Davison  has  taken  up,  in  his  researches  into  British 
Earthquakes,  the  practical  lines,  learnt  by  the  long 
experience  of  Professor  Milne,  in  Japan,  and  it  behoves 
every  geological  worker  to  assist  him  to  their  utmost ;  and 
the  Salford  Earthquake,  in  this  respect  is  of  great  interest 
in  regard  to  the  Salford  Pendleton  fault. 

Dr.  Davison  states  "that  the  number  of  earthquakes 
described  is  19,  and  with  few  exceptions,  I  have  not  been 
able  to  correlate  them  with  known  faults.  It  should  not  be 
inferred  from  this,  that  the  shocks  owe  their  origin  to  some 
other  cause  than  fault  slipping ;  for  in  nearly  every  case, 
the  epicentral  region,  is  one  in  which  it  is  difficult  to  detect 
faults.  It  is  possible,  indeed,  that  the  careful  study  of  an 
earthquake  may  form  a  useful  supplement  to  the  methods 
which  are  at  the  disposal  of  the  field  geologists." 

Dr.  Davison  adds,  as  regards ''map  symbols": — "In  a 
weak  earthquake  every  place  of  observation  can  generally  be 
marked  on  the  map;  and  without  making  use  of  a  wide 
range  of  symbols,  it  is  convenient  to  employ  signs  to 
represent  the  perception  of  the  shock  and  sound."  He  uses 
a  "  square "  for  points  where  the  shock  was  felt ;  a 
"triangle"  when  it  is  doubtful  whether  it  was  experienced  f 
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a  "  circle  "  that  no  ahock  was  felt,  a  figure  entirely  filled  in 
that  shock  and  sound  were  experienced,  one  half-filled  in 
that  perception  of  sound  was  doubtful,  and  one  not  filled  in 
at  all  that  no  sound  was  heard. 

The  Earthwave  at  Pendleton  and  Seedley,  though  for- 
tunately exceedingly  slight,  doing  no  further  damage 
apparently  than  bringing  down  a  coping  stone  of  St. 
James's  Church,  Church  Grove,  is  remarkable  for  the 
amount  of  noise  experienced  both  on  the  surface  at  Gerald 
Boad,  Pendleton,  and  underground  at  Pendleton  Colliery, 
at  a  depth  of  3,500  feet,  and  in  this  corresponded  to  the 
earthquakes  I  have  experienced  at  Preston,  Lancashire, 
and  Stoke-upon-Trent  as  regards  the  surface,  which  I  have 
respectively  described  in  the  columns  of  The  Times, 
Nature,  and  the  Journal  of  the  **  North  Staffordshire  Field 
Naturalists."  I  venture  to  suggest  a  small  Committee  of 
Enquiry  into  the  matter,  should  be  formed. 


Mr.  Stirrup  said  the  article  On  some  British  Earth- 
quakes, by  Dr.  Davison,  in  the  "  Geological  Magazine  "  for 
this  month,  which  Mr.  De  Ranee  had  probably  read,  con- 
tained all  the  details  which  he  (Mr.  Stirrup)  had  sent  to 
Dr.  Davison  relative  to  the  earth-shock  in  this  neighbour- 
hood on  February  27th,  1899.  The  disturbance  at  Pendleton 
on  Saturday  morning  was  not  a  true  earthquake ;  it  was  an 
earth  movement  due,  most  likely,  to  fault  slips ;  or  it  might 
be  there  was  some  little  sinking  going  on  in  those  lately- 
worked  coal  districts.  He  had  intended,  at  this  meeting, 
to  ask  any  of  the  members  who  were  engaged  in  coal 
raining  operations  in  the  Pendleton  neighbourhood  if  they 
had  any  experience  of  the  shaking  last  Saturday.  All  he 
knew  was  from  what  appeared  in  the  newspapers.  Some 
persons,  he  understood,  felt  the  motion  while  in  bed. 
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Mr.  Dickinson  :  I  may  say  that  at  17  minates  past  one,  as 
I  looked  at  the  clock,  oa  Satarday  morning  last,  I  both 
heard  and  fell  Terr  distinctly  an  earth-shock.  The  sound 
was  as  though  the  mortar  of  the  walls  of  the  house  were 
being  crushed,  and  dribbles  of  lime  came  down  my  bedroom 
chimney.  The  shock  woke  and  frightened  every  member  of 
my  household  except  one,  who  is  not  very  quick  at  hearing. 
They  were  very  much  alarmed.  From  what  I  hear  of 
what  took  place  in  the  surrounding  neighbourhood,  the 
general  impression  appears  to  be  that  it  was  not  an  earth- 
quake, but  that  it  was  something  connected  with  the  hands 
of  man.  The  raising  of  so  much  dust  in  the  collieries,  as 
stated  in  the  newspapers,  shows  it  was  more  likely  to  be  due 
to  something  connected  with  the  workings.  There  is  this 
peculiarity  about  it :  we  have  an  immense  bed  of  sand  over- 
lying the  coalfield  in  the  vicinity,  and  the  drain  of  the 
water  from  this  sand  may  have  something  to  do  with  our 
having  such  unpleasant  experiences  as  those  which  we  have 
passed  through  on  previous  occasions  and  on  Saturday 
morning  last.  I  had  a  letter  from  a  neighbour  asking  me 
to  call  and  see  him  next  day  to  see  the  cracks  in  his  house. 
I  have  said  that  the  first  main  shock  on  Saturday  morning 
was  at  17  minutes  past  one,  but  a  smaller  one — a  pretty  loud 
thud — followed,  and  another  small  one  within  half  an  hour 
I  lay  awake  for  some  time,  fearing  that  the  gas  and  water 
pipes  might  have  been  torn  asunder.  The  shock  was  enough 
to  do  that. 

Mr.  HoLROYD  said  the  shock  so  strained  the  lead  piping 
in  the  cellar  of  his  house  that  a  jet  of  water  was  sent  up 
against  the  ceiling  and  the  pipe  had  to  be  repaired  on  the 
Saturday  afternoon,  so  that  it  was  quite  possible  that  an 
earth-sL'p  of  that  character  might  have  very  important 
effects  on  water  and  gas  piping.     Occurring  as  it  did  in  the 
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early  morning  an  escape  of  gas  might  be  fraught  with 
serious  consequences. 

Mr.  ToNGE  said  that  about  three  years  ago,  when  there 
had  been  an  earth-shock,  he  made  a  number  of  enquiries 
at  the  instance  of  Mr.  Stirrup,  from  persons  who  were  in 
the  mines  at  the  Hulton  Collieries  at  the  time  of  the  shock, 
and  also  from  persons  living  near  the  collieries  who  were  at 
the  same  time  on  the  surface.  He  was  somewhat  surprised 
to  find  that  no  one  underground  at  the  time  had  felt  it,  but 
all  others  who  happened  to  be  awake  had. 

Mr.  Stirrup  appealed  to  members  to  bring  before  the 
Society  at  the  time  of  the  occurrence  all  the  information  at 
their  command  in  regard  to  these  earth-shocks,  a  summary 
of  which  would  be  afterwards  sent  on  to  Dr.  Davison  who 
is  engaged  in  collecting  evidence  on  British  earthquakes. 


Professor  Edward  Hull,  F.R.S.,  &c.,  contributed  the 
following  note  "  On  the  Sub-Oceanic  Valley  of  the  River 
Congo  " :— 


Vol.  xxvi.]  499 


NOTE    ON    THE    SUB-OCEANIC    VALLEY    OF 
THE    RIVER    CONGO. 

By  Professor  Edward  Hull,  F.R.S.,  &c. 


As  a  sequel  to  my  address  at  Owens  College  ''on  the 
Sab-Oeeanie  Valleys  of  VTestem  Europe/'  I  enclose  for  the 
inspection  of  Members  of  the  Society  a  proof  copy  of  the 
Submerged  Valley  of  the  River  Congo,  which  I  have  worked 
out  by  the  aid  of  the  Admiralty  Charts.  It  is  intended  to 
illustrate  a  paper  about  to  be  published  by  the  Victoria 
Institute,  and  of  course  cannot  be  made  use  of  beyond  this 
channel  of  publication. 

I  may  mention  that  the  first  delineation  of  the  channel 
was  made  by  Mr.  Stallibras,  Telegraphic  Engineer,  whose 
very  accurate  map  was  put  in  my  hands  by  Professor  ]}oyd 
Dawldns,  F.R.S.,  when  I  was  with  him  in  Manchester  on 
the  occasion  above  referred  to.  Mr.  Stallibras  carried  the 
channel  as  far  down  as  the  1,000  fathom  contour,  but  the 
Admiralty  Chart  has  enabled  me  to  extend  the  mouth  of  the 
channel  as  far  as  the  1,200  fathom  contour,  where  it  opens 
out  on  the  abyssal  floor.  It  is  a  remarkable  coincidence 
that  this  is  the  very  depth  of  the  mouths  of  most  of  the 
submerged  river-valleys  of  VTestern  Europe.  Perhaps 
Mr.  Mark  Stirrup,  if  present,  would  hand  the  little  map 
round.  

Mr.  Greenwood,  in  commenting  upon  Professor  Hull's 
paper,  on  "  The  Ancient  Coast  Line  of  VTestem  Europe," 
and  his  suggestions  that  the  extended  land  area  may  have 
been  the  cause  of  the  ice  age,  expressed  his  opinion  that  it 
was  reasonable  to  take  the  opposite  view.  Assuming  the 
correctness  of  Sir  Robert  Ball's  theory,  that  'Hhe  ice  age  was 
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caused  by  extra  terrestrial  influences,"  would  not  the  volume 
of  the  ocean  have  been  reduced  by  so  much  water  as  was 
piled  upon  land  in  the  form  of  ice  and  snow,  and  would  not 
the  land  area  have  been  extended  correspondingly. 

Mr.  Stirrup  remarked  that  if  they  were  drawn  into  a 
discussion  on  the  many  speculations  with  regard  to  the  cause 
of  the  ice  age  it  will  not  be  a  short  but  rather  a  long 
communication  they  would  have.  With  regard  to  Professor 
Hull's  opinion,  as  to  the  cause  of  the  ice  age,  he  thought 
Mr.  Greenwood  had  grasped  quite  well  his  view,  which  was 
that  the  land  area  or  the  mountainous  regions  of  the  globe 
rose  at  one  time  to  a  greater  elevation  than  now,  causing* 
increased  cold  and  a  larger  precipitation  of  snow.  The 
changes  thus  brought  about  in  the  distribution  of  land  and 
sea,  were  sufficient  it  was  thought,  to  account  for  the 
phenomena  of  the  Ice  Age.  With  regard  to  the  theory  of 
Professor  Ball  he  for  one  did  not  place  much  confidence  in 
it,  as  it  was  founded  on  astronomical  assumptions  and, 
moreover,  did  not  harmonize  with  geological  data. 


ACETYLENE  LAMPS  FOR   MINERS. 


Mr.  Harrison,  H.M.  Inspector  of  Mines,  called  attention 
to  a  lamp  lighted  with  acetylene,  and  specially  designed  for 
the  use  of  miners.  He  pointed  out  that  the  lamp  was 
intended  only  for  places  where  an  open  lamp  was  permissible, 
and  in  such  cases  its  chief  advantage  was  in  the  great 
brilliancy  of  the  light  which  it  gave.  With  its  aid  one 
could  see  in  the  mine  as  well  at  35  yards  distance  as  at 
seven  yards  with  ordinary  lamps. 


TRANSACTIONS 
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WIGAN    MEETING. 


The  Ordinary  Meeting  of  the  Members  was  held  on 
Friday,  May  11th,  1900,  in  the  Mining  School,  VTigan. 

The  President,  Mr.  W.  S.  Barrett, 
in  the  Chair. 


Mr.  Barrett  said  there  is  a  very  important  meeting  of 
the  coal  trade  in  VTigan  at  half-past  Three,  which  will 
preyent  many  from  coming  here  to  listen  to  the  interesting 
papers  which  we  shall  have  this  afternoon.  I  shall  have  to 
leave  at  half-past  Three  and  to  save  interruption  I  will  ask 
Mr.  Kidyard  to  take  the  Chair. 

Mr.  Ridyard  accordingly  took  the  Chair. 


NEW  MEMBER. 


Mr.  Henry  Jobson,  Mining  Student,  Bank  Hall  Colliery, 
Burnley,  was  balloted  for  and  unanimously  elected  an 
Ordinary  Member  of  the  Society. 


The  following  paper  on  "A  New  Method  of  Sinking 
Pits  by  Machinery,"  was  read  by  Mr.  Richard  Sutcliffk, 
M.E.  :— 

18 
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ON    A    NEW    METHOD    OF    SINKING    PITS 
BY    MACHINERY. 

By  Mr.  Richard  Stjtoliffe,  M.E. 


It  may  seem  strange  but,  nevertheless,  it  is  a  fact  that  wc 
sink  pits  to-day  very  much  as  our  ancestors  did  in  the  years 
long  past,  while  we  have  improved  upon  nearly  all  the  other 
several  branches  of  mining.  Of  course  they  had  not  the 
high  explosives  of  our  time,  and  some  other  improvements 
of  detail  have  been  devised  without  altering  the  principle, 
which  now,  as  then,  is  laborious,  slow,  and  costly.  To-day, 
as  then,  we  use  the  hammer,  drill,  and  wedge  as  the  chief 
implements  in  the  process,  and  with  them  we  achieve  results 
which  our  forefathers  would  not  have  dreamt  of.  With  our 
nigh  explosives  we  blow  and  rend  the  solid  rock,  often 
pidverising  it  into  sand,  and  frequently  also  shatter  the  pit 
sides  to  a  greater  extent  than  we  desire. 

This  work  is  sometimes  done  under  great  difficulties, 
caused  by  the  flow  of  water,  amounting  in  some  cases  to 
upwards  of  3,000  gallons  per  minute,  or  180,000  gallons  per 
hour. 

The  pumping  of  this  large  quantity  of  water  is  rendered 
much  more  difficult  by  the  sand  and  grit  produced  through 
pulverising  the  stone  by  enormous  charges  of  blasting 
material. 

This  sand,  as  all  sinkers  well  know,  plays  sad  havoc  with 
the  best  of  pumps,  and  consequently  endeavour  is  made  to 
keep  the  water  out  of  the  pit  bottom  by  inserting  a  cisteni, 
or  making  a  lodgement,  as  the  case  may  be,  below  the  feeders 
in  the  pit  as  soon  as  it  is  sunk  deep  enough  to  allow  it ;  and 
the  water  is  pumped  from  such  cistern  or  lodgement  free  of 
the  grit  made  on  the  pit  bottom.     This,  however,  is  only  a 
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partial  remedy,  because  in  the  best  constructed  machinery 
stoppages  will  occur,  and  when  the  pump  connected  with 
the  cistern  or  lodgement  stops  for  repairs,  or  through  any 
other  cause,  the  water  finds  its  way  to  the  bottom  and  has  to 
be  got  cut  again  somehow.  The  water  also  being  made  in 
the  bottom  generally  has  to  be  delivered  into  the  cistern  to 
be  taken  hold  of  by  the  higher  pump,  which,  in  this  way, 
still  has  to  deal  with  some  of  the  sand.  When  tho  feeders 
of  water  become  large  and  numerous  the  pumps  necessary  to 
deal  with  the  water  also  become  numerous,  and  soon  tax  the 
capacity  of  the  largest  pits,  contracting  the  space  that  shoidd 
be  reserved  for  the  passage  of  the  sinking  trunk.  This 
space  should  be  at  all  times  large,  but  especially  so  when 
guides  or  conductors  are  not  used,  yet  it  is  surprising  what 
a  small  proportion  of  the  pit  can  be  retained  in  some  cases 
for  this  all  important  purpose.  This  contraction  of  the  space 
in  its  turn  impedes  the  expeditious  execution  of  work  of 
•every  kind  in  the  shaft,  hence  the  time  occupied  in  sinking 
through  a  short  distance  under  such  circumstances  is  often 
very  considerable,  and  the  work  very  costly ;  causing  much 
anxiety  and  discouragement  to  all  concerned. 

It  is  satisfactory  to  note  that  during  recent  years  the 
mechanical  engineer  has  done  much  to  improve  the  machinery 
used  in  the  sinking  of  pits,  including  several  useful  pumps 
by  different  makers,  while  the  chemist  has  given  us  some 
exceedingly  useful  explosives,  which  are  unaffected  by  water, 
and  consequently  expedite  sinking  vely  much  through  water 
bearing  ground. 

The  Kind-Chaudron  machine  has  been  found  useful  in 
extreme  cases,  but  it  does  not  seem  to  have  found  much 
favour  in  sinking  through  ground  producing  less  than  4,000 
gallons  of  water  per  minute,  or  say  200,000  gallons  per 
per  hour.  Perhaps  the  length  of  time  occupied  in  sinking 
at  the  few  places  in  this  country  where  this  system  was 
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adopted  told  against  it ;  and  the  pits  now  sinking,  being  nf 
a  considerably  larger  diameter  necessary  to  admit  of  the  out- 
put, would  require  very  large  machines  to  bore  them,  and  in 
addition  would  require  much  longer  time  to  sink  by  this 
system  than  the  smaller  ones  formerly  sunk  by  it.  To  sink 
an  18  or  20ft.  pit  would,  I  believe,  require  three  or  four  sets 
of  machines,  with  as  many  sets  of  operations  to  bring  the 
pit  up  to  the  required  size. 

On  a  former  occasion  I  had  the  privilege  of  bringing 
before  your  notice  the  drawings  and  description  of  a  machine 
designed  and  patented  by  me  to  expedite  the  sinking  of  pits 
by  cutting  a  circular  grove  or  channel  all  around  the  pit 
bottom,  and  so  separating  the  material  to  be  excavated  from 
the  pit  sides  in  advance  of  the  sinking.  Since  then  I  have 
had  a  machine  made  to  sink  a  pit  20ft.  diameter,  or  18ft. 
finished  within  the  walling,  and  I  have  found  it  competent 
to  do  all  I  then  claimed  for  it.  It  was  operated  by  com- 
pressed air,  and  it  worked  most  steadily  and  satisfactorily 
after  the  cutters  or  chisels  were  made  strong  enough  to  stand 
the  cank  and  ironstone  nodules.  When  the  machine  was 
first  started  it  cut  a  groove  Gin.  deep  and  Gin.  wide  all  round 
the  pit  bottom  in  an  hour.  When,  however,  we  got  into 
ironstone  we  found  that  the  cutters  should  be  strengthened. 
When  this  was  done  there  was  no  difiiculty  in  cutting  from 
6  to  12in.  deep  per  hour,  the  machine  making  one  revolution 
per  minute  in  the  pit  bottom.  In  ordinary  bind  one  set  of 
cutters  or  chisels  sinks'  several  yards  without  being  changed. 
By  this  means  the  pit  sides  are  left  smooth,  firm,  truly  cir- 
cular, and  vertical,  while  the  strata  in  the  bottom  is  left  free 
to  be  lifted,  by  explosives  where  strong,  or  by  the  pick  in. 
ordinary  ground.  Any  holes  necessary  for  blowing  it  were 
put  in  by  hand  drilling  machines.  These  drilling  machines 
were  attached  to  a  wrought-iron  tube  let  down  from  the 
stationaiy  frame  of  the  sinking  machine,  \^hich  is  10  to  13ft 
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above  the  floor  of  the  pit.  The  holes  were  all  sloped  out- 
wards from  the  centre  of  the  pit  towards  the  circular  groove 
or  channel,  and  three  to  four  holes  were  sufficient  to  break 
up  the  bottom. 

The  sinking  with  this  machine  commenced  at  the  bottom 
of  the  tubbing,  about  100  yards  from  the  surface,  in  very 
hard  "trunk  bind"  mixed  with  ironstone,  but  without 
partings,  for  a  depth  of  nine  or  ten  yards.  At  the  bottom 
of  this  "  trunk  bind  "  a  bed  of  cank  about  4ft.  thick  was 
found,  and  underneath  the  cank  ordinary  bind  set  in,  with  a 
3ft.  seam  of  coal  below  it.  The  coal  rested  on  a  bed  of  fire- 
clay, under  which  lay  a  bed  of  ironstone  boulders  resting  on 
ordinary  bind. 

It  will  be  seen  from  this  that  the  sinking  by  this  machine 
was  through  fairly  representative  strata,  and  the  dip  was 
3  to  4in.  to  the  yard,  so  that  when  the  ironstone  nodules 
were  being  cut  on  one  side  of  the  pit,  fireclay  was  being  cut 
on  the  other  or  opposite  side.  This  fact  removed  the  doubts 
of  some  who  thought  that  the  cutting  barrel  would  follow 
down  the  soft  side,  and  so  jamb  in  the  working.  It  however 
made  no  difference  to  the  working  of  the  machine. 

The  chief  parts  composing  this  machine  [see  Plates  /.,  //. 
and  III.)  are  : — 

(A)  The  cutting  barrel  carrying  chisels  on  its  under  edge. 

(B)  Four  arms  fixed  on  the  top  of  the  cutting  barrel,  and 
carrying  slide  blocks  to  work  in  guides,  and  cylinders  for 
four  hydraulics. 

(C)  An  annular  rack  casting  in  four  parts,  and  of  channel 
section,  having  cogs  on  the  upper  surface  of  the  top  flange, 
and  a  plain  flange  on  the  bottom. 

(D)  A  framework  composed  of  double  channel  section 
steel  girders,  on  which  the  motor  and  driving  gear  are 
fixed,  and  beneath  which  the  horizontally  rotating  parts  are 
suspended,  bearing  on  four  vertical  carrying  rollers. 

(E)  Two  vertical  engines  used  for  operating  the  machine 
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The  cutting  barrel  A  is  19ft.  lOin.  in  diameter,  3ft. 
high,  and  is  composed  of  eight  segments  made  of  rolled 
steel  plates  half  an  inch  thick.  Each  segment  is  strength- 
ened by  a  6-inch  angle  steel  throughout  its  entire  length, 
fastened  on  the  internal  side  of  the  upper  edge,  and  also  by- 
diagonal  or  sloping  ribs  of  4-inch  angle  steel.  These  ribs 
are  extended  below  the  bottom  of  the  cutting  barrel  to 
scoop  up  the  debris  out  of  the  channel  as  it  is  cut  by  the 
chisels,  and  they  are  also  useful  for  turning  up  large  stones 
adjoining  the  channel.  Two  pieces  of  iron,  each  2ft.  long, 
and  3in.  square,  are  rivetted  on  the  inside  at  the  bottom 
edge  of  each  segment,  and  each  of  these  pieces  contains  two 
holes  l^in.  square  to  hold  the  chisels  or  cutting  tools, 
thirty -two  of  which  make  a  set.  Each  chisel  is  fastened  by 
two  wedges,  one  at  the  front  and  one  on  the  inner  side. 
These  cutters,  however,  can  be  securely  held  in  several 
ways — say  by  clamping  them  to  the  shell  or  to  supporting 
brackets  which  would  obviate  passing  them  through  the 
holes  as  at  present.  All  the  holes  to  take  the  tools  are 
made  in  the  centre  of  the  3-in,  pieces  just  referred  to,  but 
the  cutters  or  tools  are  of  five  different  patterns,  in  order  to 
make  five  separate  grooves  or  cuts  within  the  6-in.  channel 
to  be  cut  around  the  bottom.  The  small  ridges  dividing 
these  small  grooves  break  off  as  they  are  made.  The 
middle  chisel  is  carried  straight  down  in  order  to  make  a 
central  groove  deeper  than  any  of  the  others,  but  it  is  bent 
forward  near  the  edge  so  as  to  give  it  a  cutting  instead  of  a 
scraping  action.  The  two  intermediate  chisels  are  bent, 
one  to  the  right  and  the  other  to  the  left,  suflSciently  to 
make  two  grooves  midway  between  the  central  and  outer 
ones,  and  the  two  outer  cutters  are  bent  in  like  manner,  so  as 
to  bring  the  total  width  of  the  channel  up  to  say  6in., 
making  a  clearance  of  lin.  between  the  pit  sides  and  the 
cutting  barrel. 
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The  arms  B  are  also  made  of  ^-in.  rolled  steel  plates. 
They  are  T^ft.  wide  at  the  bottom,  tapering  off  to  2ft.  Sin. 
wide  at  the  top.  They  are  6ft.  high,  and  they  have  a 
segment  of  3-in.  angle  steel  rivetted  all  the  way  along  the 
bottom  on  the  inner  side,  for  the  purpose  of  bolting  them  to 
the  cutting  barrel.  The  four  arms  are  placed  over  four 
opposite  or  alternate  joints  of  the  cutting  barrel  and  are 
firmly  secured  there  by  means  of  bolts  passing  through  the 
6-in.  angle  steel  of  the  cutting  barrel  and  the  3-in.  angle 
steel  of  the  arms,  giving  3ft.  9in.  of  lap  on  each  segment  of 
the  former.  The  inner  edges  of  both  the  6-in.  and  3-in.  angles 
are  made  to  correspond,  and  this  gives  an  extra  clearance  of 
3in.,  making  the  total  clearance  between  the  pit  sides  and 
the  arms  4in.  Each  of  these  arms  carries  a  sliding  block 
3ft.  long,  truly  planed  and  fitted,  to  work  in  a  guide  which 
is  secured  to  the  bottom  flange  of  the  annular  rack  C,  and 
they  also  carry  the  hydraidic  cyclinders,  one  on  each  arm, 
which  work  in  conjunction  with  the  slides,  and  are  used 
either  to  draw  in  or  extend  the  cutting  barrel — ^that  is, 
when  the  cutting  barrel  has  cut  the  channel  and  slid 
downwards  it  can  be  drawn  up  again  by  these  hydraulics, 
or,  when  the  channel  has  been  cut  a  yard  deep,  the  weight 
of  the  upper  portion  of  the  machine  including  the  stationary 
framework,  together  with  the  motor  and  driving  gear,  and 
the  annular  rack,  can  be  lifted  off  the  walling  chains  by 
them  and  lowered  down  to  the  cutting  barrel  to  commence 
another  cut.  The  feed  of  the  cutting  barrel  can  be  also 
regulated  by  them.  The  four  guides  attached  to  the  under 
flange  of  the  annular  rack  work  on  the  slide  blocks  attached 
to  the  four  arms,  and  are  6ft.  in  length.  The  3ft.  slide 
blocks  are  secured  to  the  upper  part  of  the  arms  and  are 
in  the  upper  half  of  the  guides  when  starting  a  fresh  cut, 
but  when  the  cut  is  a  yard  deep,  the  cutting  barrel  and 
arms  having  slid  down  that  distance,  the  slide  blocks  are  at 
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the  lower  end  of  the  guides,  as  the  latter  remain  in  the 
same  horizontal  plane  while  the  cut  is  being  made,  and  have 
to  be  lowered  with  the  framework  before  commencing 
another  cut  of  3ft. 

The  lowering  of  the  upper  portion  is  done  in  the  course 
of  a  few  minutes  by  the  use  of  hydraulics  in  the  absence  of 
a  capstan.  They  are  double  acting  and  are  operated  by  a 
hand  pump  which  is  fixed  on  one  of  the  arms.  The  piston 
rods  of  the  hydraulics  are  bolted  to  the  bottom  flange  of  the 
annular  rack  beside  the  guides  and  near  the  middle  of  each 
segment.  The  guides  are  strengthened  by  diagonal  stays  to 
prevent  them  yielding  under  the  strain  of  work  in  carrying 
the  cutting  barrel  round  as  the  annular  rack  is  rotated.  In 
addition  to  rotating  the  cutting  barrel  these  guides,  by 
keeping  the  arms  vertical,  keep  the  cutting  barrel  horizontal 
and  enable  it  to  cut  hard  material  at  one  side  of  the  pit  even 
if  there  is  no  material  at  the  other  side. 

The  annular  rack  C,  when  the  machine  is  working,  is  sup- 
ported on  four  carrying  rollers  which  work  in  a  rounded 
groove  on  the  under  side  of  the  top  flange.  On  the  upper 
side  of  the  same  flange  is  the  annular  rack  or  ring  of  cogs  in 
which  the  small  driving  wheel  or  pinion  works  to  rotate  the 
horizontally  revolving  parts  of  the  machine.  The  carrying 
rollers  work  within  the  channel  between  the  top  and  bottom 
flanges  of  the  annular  rack  and  carry  the  whole  of  the 
horizontally  rotating  portion  of  the  machine. 

Above  the  annular  rack  a  framework  D  of  steel  is  made  in 
the  shape  of  the  letter  X.  The  girders,  three  in  number,  are 
6in.  wide  and  14in.  deep,  one  being  18ft.  long  and  two  9ft. 
each.  The  latter  are  joined  together,  one  on  each  side  of 
the  long  one,  by  plates  on  the  top  and  bottom  flanges.  In 
the  two  smaller  triangular  spaces  cross  girders  of  angle  steel 
are  bolted  to  the  lower  flanges  of  the  main  girders,  to  carry 
the  motor  and  driving  gear.    To  the  same  flanges,  near  to  the 
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four  outer  ends  of  the  main  girders,  are  fixed  four  brackets^ 
projecting  downwards,  in  which  are  inserted  strong  pins  to 
act  as  journals  for  the  four  carrj'ing  rollers.  In  order  to 
lessen  friction  two  horizontal  rollers  are  fixed  on  the  incoming 
sides  of  two  of  the  brackets  just  mentioned  to  work  against 
the  inner  edge  of  the  top  flange  of  the  annular  rack. 
These  horizontal  rollers  counteract  any  strain  caused  by  the 
pidl  of  the  driving  wheel  in  operating  the  machine.  On 
the  extreme  ends  of  the  main  girders  are  placed  four  shoes 
which  slide  backward  and  forward  several  inches.  They 
stride  the  web  of  the  girders  between  the  flanges,  coming 
between  them  and  the  pit  side.  On  the  sides,  near  the  ends 
of  the  girders,  four  corresponding  brackets  are  placed  to 
take  powerful  nuts  with  their  screws.  The  heads  of  these 
screws  are  fastened,  by  pins  passing  through  them,  to  the 
shoes.  The  nuts,  which  are  placed  in  recesses  in  the  brackets, 
are  fitted  with  ratchets  and  strong  levers  to  work  them,  and 
by  this  means  the  shoes  can  be  pressed  against  the  sides  of 
the  pit  by  enormous  pressure  ;  thus  firmly  fixing  the  frame 
between  the  pit  sides  and  insuring  the  perfect  steadiness  of 
the  machinery  in  work.  These  shoes  are  withdrawn  from  the 
sides  by  a  couple  of  turns  of  two  of  the  nuts  every  time  the 
f itimework  has  to  be  lowered.  Four  lugs  are  attached  to 
the  top  flanges  of  the  girders  to  connect  them  with  the 
suspending  chains,  and  four  right  and  left  handed  screws 
are  inserted  to  adjust  the  lengths  of  the  chains  in  order  to 
secure  the  levelness  of  the  framework.  By  seeing  that  the 
frame  is  kept  level  the  verticaKty  of  the  pit  is  secured,  and 
the  sheet-iron  flooring  of  the  small  triangular  spaces  con- 
taining the  driving  gear  affords  shelter  to  the  men  in  case  of 
anything  falling  down  the  pit. 

The  motors  E  are  two  inverted  vertical  cylinders,  lOin. 
diameter  by  lOin.  stroke.  One  cylinder,  or  a  single  engine, 
is  placed  on  either  side  of  the  machine.     By  placing  the 
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motors  on  opposite  sides  of  the  maclime  f  rictioii  is  reduced 
to  a  minimum,  but  with  small  sized  machines  this  would  not 
be  necessary. 

In  using  this  machine,  if  the  pit  were  being  sunk  with 
only  one  rope,  the  trunk  would  pass  up  and  down  through 
one  of  the  larger  openings  in  the  frame  work,  and  the  other 
large  opening  could  be  covered  over  if  desired ;  or,  in  case 
of  a  heavily  watered  pit,  the  pumps  could  be  placed  in  one 
of  these  openings.  In  order  to  admit  of  the  trunk  passing 
through  one  of  these  openings,  the  rope  should  be  4ft.  away 
from  the  centre  of  the  pit. 

When  putting  this  machine  into  a  pit,  the  shaft  should 
be  sunk  four  or  five  yards  below  the  stone  head,  or  below 
the  last  walling  crib,  as  the  case  might  be,  in  the  usual  way, 
seeing  that  it  is  carried  down  that  distance  the  full  size  of 
20ft.  As  soon  as  this  is  done,  the  first  segment  of  the 
cutting  barrel  may  be  lowered  by  the  winding  rope,  and 
placed  against  the  side  of  the  pit  on  packing  timber,  say  one 
foot  high.  While  the  men  on  the  bottom  are  placing  the 
first  segment  into  place,  a  second  segment  may  be  sent 
down,  care  being  taken  on  the  surface  to  see  that  the  proper 
segments  are  lowered  each  time  in  their  turn,  so  that  the 
men  below  can  be  bolting  them  together  as  they  receive 
them.  When  the  cutting  barrel  is  completed  by  the  eight 
segments  being  bolted  together,  the  arms  are  lowered  in 
like  manner,  one  at  a  time,  and  bolted  securely  in  their 
respective  places.  Next  the  four  guides  are  lowered  and 
put  on  to  the  slide  blocks,  which  are  rivetted  on  the  arms. 
The  tops  of  the  guides  are  held  level  with  the  tops  of  the 
arms.  The  four  segments  forming  the  annular  rack  are 
next  placed  one  after  another  on  top  of  the  guides  and  arms, 
and  firmly  bolted  to  the  former,  seeing  that  each  segment  is 
in  its  own  guide,  and  each  guide  on  its  own  sliding  block. 
The  segments  are  bolted  to  the  webs  forming  the  tops  of  the 
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guides  as  they  come  down,  but  they  cannot  be  firmly  bolted 
together  until  the  whole  four  are  in  their  places,  because 
they  will  have  to  be  sprung  back  a  little  to  get  the  last  one 
into  its  place.  When  this  is  done  the  four  joints  are  quickly 
made.  The  diagonal  stays  are  either  sent  down  fastened  in 
their  places  on  the  guides,  or  sent  down  and  put  on  either 
before  or  after  the  annular  rack  is  in  its  place.  They  are 
bolted  to  the  guides  near  the  lower  ends,  and  to  the  back  of 
the  annular  ring.  In  like  manner  the  hydraulics  may  be 
either  sent  down  attached  to  the  arms,  or  they  can  be  put  in 
afterwards.  They  are  generally  left  bolted  to  the  arms  and 
sent  down  with  them.  The  long  girder  is  the  next  part 
fient  down,  and  placed  across  the  pit,  with  its  two  ends 
resting  on  the  annular  rack.  If  the  winding  engine  is 
strong  enough,  the  two  shoes,  two  under  brackets  to  support 
the  carrying  rollers,  and  the  two  side  brackets  containing 
the  nuts  and  screws,  may  all  be  bolted  to  this  long  girder 
on  the  surface  and  lowered  along  with  it,  the  whole  weighing 
between  two  and  three  tons.  In  any  case,  one  of  each  of 
these  belonging  to  the  outer  ends  of  the  two  short  girders 
ean  be  fixed  on  at  the  surface  and  sent  down  with  them.  As 
.soon  as  the  plates  joining  these  short  girders  are  bolted  on, 
the  cross  girders,  with  the  pedestals  to  carry  the  shafting  of 
the  driving  wheels  and  engines,  are  lowered  and  bolted  in 
their  places,  and  the  two  spur  wheels  and  their  shafts  are 
next  placed,  to  be  followed  by  the  two  small  crank  shafts 
and  flywheels.  The  two  small  cylinders,  each  bolted  to  four 
vertical  wrought-iron  standards,  are  quickly  lowered  and 
lx)lted  in  position  on  the  cross  girders.  They  ajpe  connected 
together  by  a  wrought-iron  pipe,  in  order  that  both  cylinders 
receive  the  air  or  steam  at  the  same  time  by  a  valve  or  tap 
common  to  both.  The  hydraulics  are  coupled  or  connected 
by  two  rings  of  J-inch  hydraulic  piping,  going  aU  around 
the  top   of   the  cutting  barrel,   and  common  to  all  the 
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hydraulics  and  with  the  pump  and  its  cistern.  These 
hydraulics  are  operated  by  a  hand  pump,  and,  by  turning' 
the  pressure  on  the  proper  side  of  the  pistons,  by  opening 
the  inlet  tap  for  such  sides,  and  opening  the  outlet  tap  for 
the  opposite  sides,  they  act  in  the  required  direction. 

The  whole  machine  is  next  suspended  either  on  the  capstan 
rope  or  walling  chains,  and  the  cutt<»rs  or  chisels  inserted 
and  firmly  wedged  ;  the  framework  set  level ;  the  plummet 
let  down,  and  the  cutting  barrel  brought  into  its  exact 
position  (Oft.  11  in.  all  around  from  the  centre  line),  by 
means  of  the  screws  and  shoes  which  are  on  the  ends  of  the 
main  girders  pressing  against  the  pit  side,  and  the  shoes 
forced  firmly  against  the  sides  so  as  to  form  a  firm  base 
for  operating  from.  Then  the  machine  is  ready  to  start 
work. 

There  may  be  a  little  difficulty  in  cutting  the  first  four 
yards  if  the  material  is  very  hard,  because  it  is  somewhat 
difficult  to  pack  between  the  shattered  sides  found  in  an 
ordinary  sinking  pit  and  the  shoes  of  the  machines,  but 
as  soon  as  the  framing  gets  within  the  walls  left  by  the 
machine  this  difficulty  disappears. 

In  taking  the  machine  out  of  the  pit  after  completing  the 
sinking  to  the  required  depth,  the  last  parts  put  in  are  the 
first  to  come  out,  and  so  on  until  the  last  segment  of 
the  cutting  barrel  is  removed. 

All  the  bolts  used  are  of  the  largest  size  possible  for  the 
material  employed,  in  order  to  lessen  the  number  required 
in  erecting  the  machine.  In  designing  it  I  aimed  at  strength^ 
simplicity,  and  fewness  of  parts,  and  I  believe  I  succeeded. 

I  am  firmly  convinced  that  if  the  capabilities  of  machines 
like  this  were  properly  known,  hand  sinking  would  quickly 
become  what  it  should  be,  a  thing  of  the  past. 

Seeing  that  the  strata  to  be  sunk  through  is  placed  in 
horizontal  or  slightly  inclined  layers,  bed  upon  bed,  to  be  so 
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easily  removed  when  detached  from  the  surrounding  strata, 
I  look  upon  the  present  mode  of  sinking  pits  as  time,  energy, 
and  money  comparatively  wasted. 

I  had  intended  to  invite  the  members  of  this  Society,  as 
well  as  several  other  members  of  the  mining  profession,  to 
see  the  machine  in  operation,  that  they  might  judge  of  its 
merits  for  themselves,  and  I  still  hope  for  an  opportunity  to 
do  80,  but  unfortunately  the  pit  in  which  I  had  it  (Ryland's 
Main,  near  Barnsley),  had  to  be  suddenly  stopped  after 
sinking  about  30  yards  with  the  machine.  I  have,  however, 
no  hesitation  in  saying  that  when  men  are  organised  to  work 
with  machines  like  this,  the  sinking  of  pits  will  be  accom- 
plished in  half  the  time  now  required  for  the  purpose, 
while  the  saving  in  cost  of  timber  and  material  will  be  in 
like  proportion,  and  the  quality  of  the  work  simply 
unattainable  by  hand  sinking. 

The  motive  power  may  be  compressed  air  (and  this  can  be 
utilised  to  air  the  men  and  cool  the  shaft),  electricity,  steam, 
gas,  or  oil— compressed  air,  of  course,  is  always  preferable 
for  use  in  pits,  because  its  presence  is  always  a  source  of 
safety,  and  by  tiiming  the  exhaust  downwards,  the  pit 
bottom  is  kept  quite  cool. 

As  before  stated  the  work  of  this  machine  is  to  plane  out 
a  groove  or  channel  all  around  the  pit  bottom,  cutting  out 
the  exact  space  required  for  the  pit  shaft  and  its  protecting 
lining,  as  a  first  operation,  leaving  the  sides  uninjured  by 
explosives,  and  perfectly  plumb  and  circular.  By  its  use  the 
walling  material  can  be  placed  against  the  sides  without  the 
aid  of  side  lines,  plummets,  or  templates,  and  the  usual 
backing  of  cinders  or  other  material  can  be  dispensed  with. 
The  strata  being  liberated  all  around,  less  than  one-fourth  of 
the  explosives  now  used  will  be  sufficient  to  break  up  the 
pit  bottom,  and  the  danger  and  the  expense  connected  with 
the  use  of  the  other  three-fourths  will  be  obviated.     The 
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number  of  hands  required  in  the  pit  can  be  reduced,  while 
the  trunk  can  be  constantly  employed  raising  the  debris. 

It  is  very  evident  that  if  such  a  machine  could  be  used  in 
a  heavily  watered  sinking  pit  the  saving  would  be  immense, 
because  as  pits  are  at  present  sunk,  nothing  can  be  done  in 
the  shape  of  sinking  until  the  bottom  is  imwatered,  and  then 
the  first  operation  is  with  hammer  and  drill  to  put  in  a  set 
of  holes,  unless  there  happen  to  be  left  some  loose  stone  on 
the  bottom  from  the  last  round  of  shots.  One  of  these  holes 
may  be  fired  in  the  centre  of  the  pit,  and  each  of  the  others 
fired  towards  it,  blowing  the  arched  stone  always  inward. 
As  a  consequence  it  takes  from  15  to  20  holes  to  be  drilled 
and  fired  to  sink  a  single  yard,  while  with  the  groove  cut 
around  the  pit  the  stone  would  be  blown  outwards,  and  if  it 
were  at  all  stratified  four  shots  would  suffice  to  sink  the 
yard. 

These  four  holes  could  be  bored  by  as  many  hand  drilling 
or  power  drilling  machines  in  a  few  minutes,  and  the 
annular  groove  might  be  cut  under  several  feet  of  water. 

In  all  pits  18  or  20ft.  in  diameter  there  will  be  quite 
ample  room  on  the  bottom,  when  using  this  machine,  for 
two  large  sinking  pumps  capable  of  raising  say  one  hundred 
thousand  (100,000)  gallons  of  water  per  hour. 

Apart  altogether  from  the  experience  gained  in  the  sink- 
ing at  Ryland's  Main  Colliery,  it  only  requires  some  study  to 
see  that  sinking  by  this  means  is  quite  feasible  when  we 
remember  that  stone  is  continually  being  grooved  and  cut  all 
over  the  country  by  machinery,  the  greatest  difference  being 
that  the  stone  on  surface  is  brought  to  the  machine,  while  in 
sinking  we  take  the  machine  to  the  stone.  Many  persons 
who  were  doubters  until  they  saw  it  in  operation,  were 
quickly  convinced  when  they  saw  it  at  work  in  the  pit,  and 
frankly  admitted  its  applicability  to  its  work  and  its  steadiness 
in  operation.     The  machine  is  simple  both  in  principle  and 
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construction,  is  easily  started,  stopped,  or  reversed.  It  is 
rigid  and  strong  in  build  and  material,  and  weighs  nearly 
25  tons.  The  heaviest  single  piece,  however,  weighs  only 
35  cwt.  It  is  qxiickly  put  together  or  taken  to  pieces 
on  the  pit  boctom,  because  it  is  composed  of  few  separate 
parts. 

I  have  already  alluded  to  the  improvements,  in  pumps 
used  for  sinking  purposes,  for  which  I  think  we  are  greatly 
indebted  to  the  mechanical  engineer,  and  I  have  often  asked 
myself  how  it  is  that  we,  as  mining  engineers,  do  not  keep 
pace  with  him  in  improving  our  modes  of  sinking  by  using 
these  machines.  To  this  question  I  can  only  find  one 
explanation,  which  to  me  seems  to  be  that  the  number  of 
shafts  to  be  sunk  by  even  the  best  of  our  mining  engineers 
individually  is  not  sufficient  to  cause  them  to  concentrate 
their  best  efforts  on  the  subject  of  sinking,  and  that  con- 
sequently pit  sinking  is  no  man's  business.  I  am  led  to 
this  belief  more  strongly  by  the  strides  made  in  the  modes 
and  systems  introduced  and  improved  in  connection  with 
the  production  of  coal  and  all  that  appertains  to  its  pro- 
duction. Here  the  mining  engineer's  absorbing  interest 
lies,  and  here,  as  a  consequence,  he  uses  his  best  energies, 
while  the  sinking  of  pits,  after  all,  is  only  an  occasional 
occurrence  upon  which  he  has  no  time  to  waste  in 
devising  new  or  untried  methods.  Hence  we  find  splendid 
pumps  being  cut  to  pieces  almost  as  soon  as  started  under 
our  present  mode  of  sinking  with  them,  owing  to  the 
great  amount  of  sand  passing  with  the  water  through 
them. 

Some  years  since  I  formed  the  opinion  that  some  of  the 
sinking  done  in  recent  years  would,  on  the  whole,  have 
been  more  speedily  accomplished  and  at  less  cost  if  more 
time  and  money  had  been  spent  in  preparing  for  the  sinking. 
All  around  us  we  see  large  quantities  of  water  being  pumped 
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out  of  boreholes,  and  I  don't  see  why  this  method  could  not 
be  applied  in  draining  the  ground  in  advance  of  the 
sinking,  more  especially  where  the  water  is  found  near  the 
surface.  Where  it  is  not  foimd  near  the  surface  an  extra 
pit  could  be  speedily  sunk  to  the  water  bearing  strata,  and 
the  upper  lifts  of  pumps  could  be  placed  in  it.  From 
the  bottom  of  this  pit  boreholes  could  be  put  down  through 
the  water-bearing  ground,  and  bottom  lifts  of  pumps  placed 
in  them  to  drain  the  ground  before  sinking  through  it. 
Were  this  done,  not  only  the  very  much  greater  part  of  the 
water  could  be  raised  without  having  anything  to  do  with 
the  sand  or  the  sinking  pits,  but  it  could  be  also  told  by  a 
comparatively  small  outlay  whether  the  amount  of  water 
could  be  dealt  with  by  the  means  available,  and  what  the 
amount  of  water  was  likely  to  be.  Under  the  present  mode 
of  proceeding,  undertakings  are  sometimes  ruined  before 
such  information  is  obtained. 

The  pumping  of  the  water,  apart  from  the  sand  and 
sinking  of  the  pits,  is  qxiite  a  simple  matter,  and  the 
sinking  of  pits  comparatively  free  from  water  is  also  a 
simple  matter,  and  both  these  conditions  could  be,  at  least 
in  greater  part,  obtained  by  the  draining  of  the  strata  in 
advance ;  and  any  feeders  found  in  the  main  pits  (which 
should  be  on  the  rise  of  the  water  pit  or  boreholes)  could 
be  conveyed  into  the  bore  holes  free  from  sand  when  the 
sinking  got  below  the  feeders.  In  this  way  the  main  shafts 
could  be  put  down  comparatively  free  from  water,  and  with- 
out the  cost  and  trouble  in  connection  with  having  the  main 
pumps  in  the  sinking  pits. 

I  believe  I  am  not  far  wrong  when  I  say  that  the  wages 
paid  for  attendance  alone  on  the  pumps  in  the  sinking  pits 
at  some  recent  undertakings  amounted  to  more  than  the  sum 
required  to  put  down  the  extra  shaft  and  boreholes  ;  while 
if  we  add  to  that  amount  the  sum  spent  on  pumps  and 
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appliances  to  hang  them  in  the  shafts,  and  also  the  incon- 
yenience,  delay,  and  even  danger,  occasioned  by  the  presence 
of  steam  and  steam  pipes,  pumps,  cisterns,  buntons,  &c.,  in 
the  shafts  during  the  sinking,  and  if  we  further  add  the 
extra  time  occupied  through  the  presence  of  these  things, 
the  cost  of  the  extra  shaft  and  boreholes  would  appear 
small  in  comparison.  Even  places  that  are  abandoned  at 
present  after  immense  loss  of  money,  time,  and  trouble,  had 
these  preparations  been  made  and  properly  carried  out^ 
would  in  all  probability  haye  reached  the  coal  at  a  less 
outlay  than  it  cost  to  make  the  futile  attempt. 

Under  these  circumstances,  I  think  that  the  art  of  sinking 
is  becoming  a  serious  question  to  many  ;  and  it  is  likely  to 
become  more  so  owing  to  the  importance  of  the  deeper 
sinkings  now  in  contemplation,  and  the  still  deeper  ones  to 
be  made  in  the  future ;  hence  my  humble  quota  to  the  all- 
important  subject. 

The  Chairman:  I  think  we  are  all  indebted  to  Mr. 
Sutcliffe  for  his  valuable  paper.  It  is  very  interesting  and 
I  think  in  saying  that,  I  speak  the  feeling  of  the  meeting. 
We  all  know  that  the  time  is  near  when  machinery,  where- 
ever  possible  in  mining  operations,  must  be  introduced  if  we 
are  to  compete  successfully  with  other  countries.  This 
invention  is  one  of  the  things  which  I  believe  will  prove  a 
great  success.  I  understand  that  at  present  it  is  at  rest, 
but  Mr.  Sutcliffe  has  kindly  offered  to  show  the  machine 
when  it  has  reconmienced  working,  and  I  am  sure  the 
members  of  the  Society  will  be  very  glad  to  see  it  in 
operation.  I  have  pleasure  in  proposing  a  vote  of  thanks  to 
Mr.  Sutcliffe  for  his  valuable  paper. 

Mr.  Joseph  Dickinson  :  I  have  much  pleasure  in 
seconding  the  vote  of  thanks  to  Mr.  Sutcliffe.  He  is  a 
Colliery  Manager  I  have  known  many  years,  and  I  know 
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that  lie  is  well  versed  in  most  of  the  subjects  which 
require  a  manager's  attention.  He  has  spoken  of  this 
machine  as  being  understandable  in  structure,  but  he  has 
had  it  at  his  finger  ends.  It  will  take  some  time  for  us  to 
study  it,  and  I  think  it  would  be  well  if  we  adjourned  the 
discussion  until  the  paper  is  in  print  and  people  will  know 
a  little  more  what  it  consists  of. 

The  motion  was  passed. 

Mr.  SuTCLiFFE :  I  feel  greatly  indebted  for  the  privilege 
of  bringing  a  paper  before  the  members  of  this  Society,  and 
for  the  kind  way  that  you  have  received  the  paper.  I  hope 
I  shall  shortly  have  an  opportunity  of  inviting  them  to  some 
place  where  the  machine  will  be  introduced  so  that  they  may 
see  it  for  themselves.  As  to  the  ultimate  design  of  such 
machinery,  I  am  not  going  to  say  that  mine  is  the  best.  It 
is  an  attempt  to  overcome  an  acknowledged  difficulty,  and  I 
believe  it  will  do  it,  but  at  the  same  time  I  am  not  going  to 
say  that  it  cannot  be  improved  upon.  I  believe  that  sinking 
is  the  only  branch  of  mining  that  is  neglected,  and  knowing 
well  that  I  am  in  the  presence  of  eminent  mining  engineers 
— Mr.  Dickinson  has  had  a  life  long  experience  in  it — I  feel 
I  am  not  overstepping  the  point  in  saying  that  it  is  a 
neglected  subject.  There  can  be  improvements,  and  because 
of  the  favourable  disposition  of  the  strata,  sinking  is  capable 
of  being  done  by  machinery  more  easily  than  any  other 
branch  of  mining  that  I  know  of.  I  am  much  obliged  to  you 
for  the  sympathetic  way  in  which  you  have  received  this 
rough  paper,  which  has  been  rather  hastily  got  up. 


The  following  paper  "  On  Failures  of  Safety  Lamps  while 
in  use  and  some  of  the  disasters  caused  thereby,"  by  Mr. 
James  Ashworth,  M.E.,  was  read  by  Mr.  William  Saint: — 
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TAILURES  OF  SAFETY  LAMPS  WHILST  D^  USE  AND 
SOME  OF  THE  DISASTERS  CAUSED  THEREBY. 

By  Mr.  James  Ashworth,  M.E. 


Papers  to  this  and  kindred  societies  on  the  subject  of 
-safety  lamps  have  during  the  last  few  years,  and  in  fact  ever 
since  the  report  of  the  Mines  Accidents  Commission  was 
issued,  consisted  principally  of  descriptions  of  improvements 
in  construction  and  simplification  of  parts,  but  the  writer 
does  not  remember  one  which  has  had  direct  reference  to  a 
<;ommon  danger  which  has  hitherto  remained  unrecognised 
in  this  country.  It  is  therefore  with  a  view  to  showing 
that  the  laboratory  experiments  of  M.  Marsaut  on  the 
influence  of  firedamp  when  a  safety  lamp  is  suddenly  im- 
mersed in  it,  or  when,  what  is  practically  the  same  thing, 
firedamp  suddenly  envelopes  a  safety  lamp,  have  had  a  very 
practical  confirmation  in  the  mines  of  this  country  and  yet 
received  no  genuine  attention,  that  the  writer  has  prepared 
the  present  paper  for  discussion.  In  all  English  experiments 
most  attention  has  been  given  to  the  discovery  of  those  lamps 
which  would  give  the  best  results  when  exposed  to  a  high 
velocity  of  an  explosive  mixture  of  firedamp  and  air,  imder 
the  impression  that  a  lamp  which  will  successfully  withstand 
such  tests  must  be  capable  of  withstanding  any  exposure  in 
a  quiescent  or  slowly  moving  current.  M.  Marsaut  however 
took  a  very  different  view  of  the  case  and  made  a  very  large 
number  of  experiments  on  safety  lamps  when  suddenly 
raised  into  a  firedamp  atmosphere,  but  so  little  value  was 
placed  on  these  experiments  by  our  own  Mines  Accidents 
-Commission,  and  by  other  experimenters  since,  that  prac- 
tically nothing  has  been  done  to  support  or  disprove  M. 
Marsaut's  conclusions.       Some  emphasis  is  given  to  the 
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importance  of  making  safety  lamps  capable  of  withstanding 
very  ordinary  risks  by  the  report  of  a  recent  enquiry  in 
Germany,  which  will  be  detailed,  and  which  will  also  intro- 
duce the  question  of  the  advisability  of  re-lighting  safety 
lamps  as  soon  as  extinguished,  by  match  arrangements  within 
the  lamp. 

As  a  preface  to  the  detailed  descriptions  of  places  and 
conditions  surrounding  safety  lamp  failures,  it  is  to  be 
observed  that  no  explosion  or  great  disaster  caused  by 
firedamp  is  so  difficult  to  bring  home  to  its  primary  cause 
with  any  degree  of  convincement  as  that  caused  by,  or 
originating  from,  the  failure  of  a  safety  lamp,  because  the 
traces  of  failure  are  either  very  faint  or  entirely  absent,  if  the 
traces  looked  for  are  principally  indicative  of  overheating, 
but  fortunately  we  have  authentic  records  of  failures  where 
the  users  of  the  lamps,  or  the  men  near  by,  have  seen  the 
failure  occur,  and  have  lived  to  tell  the  tale.  Moreover, 
where  the  failure  of  a  safety  lamp  is  complicated  by  the 
presence  of  coal  dust,  the  appearance  of  the  lamp  becomes 
still  more  misleading,  as  the  gauze  will  be  found  extremely 
clean,  and  very  probably  showing  little  or  no  signs  of  over- 
heating ;  thus  a  lamp  passing  the  flame  through  the  gauze 
when  tested  in  an  experimental  gallery  with  a  mixture 
of  air,  firedamp,  and  coal  dust,  at  so  low  a  velocity  as 
370  feet  per  minute,  never  becomes  so  hot  as  when  firedamp 
only  is  present.  This  fact  is  probably  due  either  to  the 
formation  of  a  large  percentage  of  carbon  mon-oxide  within 
the  lamp,  or  to  the  fact  that  the  particles  of  coal  dust  are  so 
small  as  to  become  incandescent  in  the  burning  mixture 
within  the  lamp,  and  to  pass  out  in  a  regular  stream 
of  fire.  Extremely  few  experiments  have  been  made  with 
safety  lamps  exposed  to  various  velocities  of  mixtures  of 
firedamp,  air,  and  coal  dust,  and  none  whatever  by  any 
Government   Commission,   probably  under   the  assumption 
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that  a  lamp  which  will  stand  a  severe  testing  in  gas  and 
air  will  stand  equally  secure  if  coal  dust  is  added,  but  that 
this  assumption  is  erroneous  will  be  clearly  demonstrated  by 
the  facts  now  tabulated. 

Davy  Lamp  Failures. 

On  the  30th  of  March,  1873,  two  men  were  at  work  in  an 
air- way  of  the  Old  Mine  at  Bardsley  Colliery,  Ashton-under- 
Lyne,  when  an  outburst  of  firedamp  came  off  at  a  rent  in  the 
floor,  and  mixing  with  the  air  current  ignited  in  the  men's 
Davy  lamps,  and  as  they  entirely  failed  to  extinguish  the 
flame,  it  quickly  passed  the  gauze  with  the  result  that 
both  men  were  burned  and  one  of  them  was  killed.  The 
survivor  told  Mr.  Dickinson,  to  whom  I  am  indebted  for  these 
particulars,  that  "they  tried  but  failed  to  put  out  the  flame  in 
the  lamps,  and  that  the  best  science  man  could  not  have 
done  more  than  they  did." 

Another  failure  occurred  at  the  Altham  Colliery,  near 
Accrington,  on  the  7th  of  November,  1883,  and  as  Mr. 
Dickinson  adds,  it  put  the  finishing  stroke  to  the  use  of 
unprotected  Davy  lamps  in  his  district. 

In  this  case,  as  in  some  others,  the  failure  is  a  case  of 
surmise,  and  it  is  not  clearly  indicated  which  lamp  was 
supposed  to  have  failed,  but  as  the  mine  was  at  work  it  is 
certain  that  the  ventilative  current  was  carrying  a  normal 
percentage  of  coal  dust,  and  that  the  conditions  would  be 
similar  to  those  of  the  Bedford  Colliery  or  of  Bryncoch 
Colliery,  which  will  be  referred  to  later  on. 

Another  failure  of  anunbonneted  lamp  is  described  by  Mr. 
A.  R.  Sawyer,  late  H.M.  Assistant  Inspector  of  Mines  for  North 
Staffordshire,  in  a  paper  he  read  before  the  North  Stafford- 
shire Institute  of  Mining  and  Mechanical  Engineers,  on  the 
Marsaut  safety  lamp  (Fig.  14) .  On  the  20th  February,  1883, 
in  the  Great  Row  seam  of  coal  at  Great  Fenton  Colliery,  he 
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took  up  a  Davy  lamp  (Fig.  1)  which  was  hanging  at  the  face 

in  a  slightly  dusty  working,  and  gave  it  a  tap  with  his  hand^ 

and  in  an  instant  there  was  a  reddish  flame  of  some  magni-         ^""^^ 

tude  inside  the  gauze  extending  to  a  distance  of  about  2in. 

outside  the  gauze  of  the  lamp.     Mr.  Sawyer  was  so  surprised 

that  he  says  he  should  have  thought  it  an  optical  delusion 

had  it  not  been  seen  by  the  underviewer  as  well  as  by  the 

collier  to  whom  the  lamp  belonged.     Two  out  of   eleven 

explosions,  by  which  one  or  more  persons  were  killed,  which 

had  occurred  in  his  district  during  the  preceding  five  years, 

and  as  to  which  he  could  speak  personally,  were  caused  by 

the  ignition  of  gas  at  a  perfect  Davy  lamp.     (The  writer 

observes  that  Mr.  Sawyer  does  not  say  anything  about  the 

influence  of  dust  in  the  case  of  these  failures.)     He  also 

named  two  instances,  one  in  1883  and  another  in  1884,  when. 

the  accidental  spilling  of  some  gunpowder  dust  on  the  gauzes 

of  Davy  lamps  caused  the  flame  to  pass  the  gauze  and  fire 

the  bulk  of  the  powder  which  was  being  used  by  the  colliers. 

A  similar  occurrence  was  in  all  probability  the  cause  of  the 
Udston  explosion  in  Scotland  in  1887.  It  was  well  known 
that  two  men  named  Dennison  had  a  powder  can  and  powder 
in  it,  but  no  trace  of  the  can  was  ever  found  after  the 
explosion.  The  indications  of  powder  having  been  exploded 
in  the  working-place  were  so  strong  that  the  inspector  of 
mines  for  that  district  (Mr.  Moore)  expressed  and  recorded 
his  opinion  that  a  shot  had  been  fired,  although  he  was  aware 
that  no  trace  of  a  borehole  could  be  found  nor  yet  any  coal 
loosened  by  a  shot.  The  lamp  in  use  was  a  large  type  of 
Davy  lamp,  called  a  Scotch  gauze  lamp  (Fig.  2),  having  a 
diameter  of  3|in.,  and  which,  when  tested  experimentally, 
gave  no  margin  of  safety  in  an  explosive  current  of  the 
lowest  velocity. 

Another  Davy  lamp  failure  caused  an  explosion  on  the 
13th  of  August,  1886,  at  the  Wood  End  pit  of  the  Bedford 
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Colliery,  in  the  Crumbouke  Mine,  3ft.  Sin.  thick,  by  which 
38  lives  were  lost.  In  the  morning  men  were  engaged  in 
one  of  the  stalls  taking  out  the  back  props,  and  after 
stopping  for  breakfast  gas  was  discovered  coming  off  out  of 
the  gob,  but,  without  reporting  it,  they  went  on  with  their 
work.  About  10-45,  whilst  a  collier  was  loading  some  coal 
out  of  the  way  of  the  timbermen,  gas  was  seen  to  fire  in  the 
Davy  lamp,  which  hung  from  his  waist  strap  and  was 
swinging  between  his  legs.  The  lamp  was  provided  with  a 
tin  shield  about  three  inches  high,  surrounding  two-thirds  of 
the  gauze,  but  at  this  time  was  pushed  up  to  the  top  so  as  to 
give  more  light,  and  as  soon  as  the  collier  was  warned  that 
gas  was  blazing  in  his  lamp,  he  took  it  in  his  hands  and 
commenced  to  blow  at  it,  then  shook  it,  and  the  flame  passed 
to  the  outside  and  fired  the  mine.  The  collier  was  not  burned, 
but  killed  by  suffocation,  whilst  the  timberman  who  saw  the 
occurrence  and  got  out  alive  was  only  badly  burned;  the 
other  timberman  was  also  burned,  but  succumbed  after 
running  about  80  yards. 

The  timberman's  escape  from  this  accident  is  supported 
by  another  case  quoted  by  Mr.  Dickinson  in  his  report  on 
the  above  disaster,  where  two  persons  also  escaped  whose 
opened  lamps  ignited  gas  which  caused  the  loss  of  20  lives 
at  the  Bent  Grange  Colliery,  Oldham. 

Davy  Lamp  with  Tin  Shield  Failure. 

At  the  Bryncoch  No.  1  Main  Colliery,  on  the  4th  of  August, 
1896,  the  Graigola  seam  of  coal  (5ft.  4in8.  thick)  was  being 
worked  at  a  depth  of  435  yards  by  the  pillar-and-stall 
method  (Fig.  3).  One  of  the  pillars  on  the  north  side  of  the 
shaft  had  been  partly  removed,  and,  on  the  morning  of  the 
acccident,  the  strong  rock  roof  began  to  break  down  where 
the  pillar  had  been  removed,  and  as  it  did  so  released 
a  large  volume  of  gas  from  a  seam  of  coal  which  lies  19 
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yards  above.  The  gas  after  a  time  came  off  in  so  large  a 
volume  that  the  colliers'  lamps  were  extinguished,  and  the 
intake  air  was  pushed  back  to  the  separation  doors  on  No.  1 
N.E.  Three  colliers  who  were  working  at  the  top  end  of  No. 
2  S.E.  had  their  lamps  extinguished,  and  instead  of  at  once  es- 
caping, two  of  them,  Nos.  6  and  7,  sat  down  whilst  the  other, 
Lewis  Jones,  jun.  (No.  5)  went  for  fresh  lamps.  On  his 
return  with  another  man  (W.  Jones)  and  whilst  running,  the 
Clanny  lamp  (Fig.  4)  was  extinguished  by  the  gas  and  wa.8 
thrown  away  before  they  got  to  the  two  men  who  had 
remained  in  the  workings,  and  who  did  not  respond  to  the 
shouts  of  their  would-be  rescuers.  They  then  returned  to 
the  level,  where  they  met  some  colliers  going  outbye;  from 
these  they  obtained  two  fresh  lamps  and  also  another 
volunteer,  and  again  attempted  a  rescue,  but  with  the  same 
non-success  as  before.  Whilst  groping  their  way  out  they 
met  two  firemen  (Nos.  3  and  4)  and  a  repairer  (No.  7),  each 
with  a  lamp,  and  two  of  them  (Nos.  2  and  5)  again  turned 
back  to  assist  in  the  rescue.  The  two  firemen  carried  naked 
Davy  lamps  (Fig.  1)  furnished  with  small  tin  shields  which 
surrounded  about  one-half  of  the  circumference  and  about 
one-third  of  the  height  of  the  gauze,  and  the  other  man 
carried  an  ordinary  unshielded  Clanny  (Fig.  4).  The  leading 
fireman  hurried  in,  and  from  the  statement  of  one  of  this 
party  (No.  2),  who  survived  for  several  days,  they  were  all 
turning  back  when  the  explosion  occurred.  Every  man 
dropped  his  lamp,  the  Davy  lamp  of  the  leading  fireman 
(No.  4),  being  found  the  furthest  in,  and  bearing  immistak* 
able  signs  of  over  heating.  Shortly  before  the  explosion,  and 
without  knowing  what  was  being  done  in  No.  2  S.E.,  the  un-. 
der-manager  opened  the  separation  doors  in  No.  1  N.E.  so  as 
to  break  up  the  body  of  the  gas  which  had  backed  down  from 
the  fall  in  the  pillar  working,  and  was  showing  itself  on  the 
intake  side  of  the  doors.     By  doing  this  he  not  only  moved 
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the  gas,  but  he  also  shortened  the  aircourse  and  thereby 
increased  the  velocity  and  the  volume  of  the  ventilation  in 
No.  2  S.E.,  which  though  normally  1  Jft.  per  second,  became 
6ft.  per  second,  or  enough,  with  adding  the  increase  of 
velocity  due  to  the  movement  of  the  retreating  fireman 
against  the  air-current,  to  cause  the  failure  of  any  of  the 
lamps  in  use.  The  verdict  of  the  jury  was  to  the  effect  that 
the  gas  was  accidently  lighted  by  a  partly  protected  Davy 
lamp;  and  that  they  had  heard  with  satisfaction  that  the 
owners  had  dispensed  with  the  partly  protected  Davy  lamp 
(Fig.  1),  and  adopted  a  safer  lamp  for  future  use,  viz.,  the 
Cambrian  bonneted  fireman's  lamp  (Fig.  la). 

It  must  again  be  noted  in  connection  with  this  accident 
that  although  coaldust  was  not  noticeably  a  factor  of  the 
explosion,  yet  that  a  very  thin  deposit  of  grey  coloured 
dust  was  found  after  the  explosion  on  the  whole  of 
the  surfaces  from  the  down-cast  shaft  along  the  south 
heading,  and  in  from  No.  2  S.£.  southward  to  the 
main  return  leading  to  No.  2  pit.  This  latter 
element  of  grey  dust  was  supposed  to  have  been  driven 
out  of  the  gobs,  but  whether  produced  by  the  increase  in  the 
velocity  of  the  air-current,  that  is  from  1  Jft,  to  6ft.  per 
second,  or  by  the  explosion,  it  is  impossible  to  say  with 
certainty.  If,  however,  it  were  produced  by  the  former  cause 
it  would  exert  an  important  influence  on  the  explosibility  of 
the  gaseous  mixture,  as  was  proved  by  Professor  (Sir)  F. 
Abel  in  the  course  of  the  experiments  made  by  him  on  dust 
after  the  Seaham  explosion. 

The  influence  of  dust  having  been  so  clearly  demonstrated, 
it  is  obvious  that  experiments  which  are  made  to  represent, 
as  nearly  as  possible,  the  conditions  of  a  colliery  roadway 
or  stall  must  be  incomplete  without  its  inclusion.  Also  that 
sudden  increases  in  the  velocity  of  ventilative  currents,  as 
well  as  of  sudden  increases  in  the  percentage  of  gas,  must  be 
factors  to  be  considered. 

18c 
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Supposed  Davy  Lamp  Failure. 

On  the  12th  of  February,  1900,  a  serious  explosion  of 
firedamp  occurred  at  the  Carbarns  Colliery,  near  Wishaw. 
The  presence  of  the  gas  was  known  and  the  men  were  not 
allowed  to  work.  The  manager,  the  oversman,  a  fireman, 
and  an  oncost  man  went  down  to  try  and  complete  an  air 
passage,  and  whilst  they  were  engaged  on  this  work  the 
explosion  occurred.  The  manager  was  killed  and  others 
were  dangerously  injured.  Mr.  J.  B.  Atkinson,  the  Inspector 
of  Mines  for  the  East  of  Scotland  District,  informs  me  that  the 
gauze  of  the  fireman's  Davy  lamp  was  displaced  from  the  lamp 
and  has  not  since  been  found,  and  the  fireman's  body  was 
80  feet  from  his  lamp  frame.  A  survivor,  over  whom  the 
flame  of  the  explosion  passed,  coming  from  the  direction  of 
the  fireman,  said  that  the  latter's  lamp  was  lighted  when  he 
passed  him  on  his  way  to  the  face  where  the  gas  was.  It 
is  supposed  that  the  fireman  left  his  lamp  on  the  floor  near 
where  it  was  found  and  went  forward  in  the  dark,  and  that 
the  lamp  became  overheated  and  passed  the  flame  through 
the  gauze,  and  so  caused  the  explosion  which  damaged  the 
lamp,  and  also  that  the  gauze  was  probably  under  a  fall, 
which  occurred  after  the  explosion. 

If  the  surmise  proved  to  be  correct,  the  failure  occurred 
under  similar  conditions  to  those  of  the  Shakerley  Collier)-, 
when  a  bonneted  Clanny  failed,  but  the  displacement  of  the 
gauze  does  not  support  this  theory,  and  rather  points  to 
the  failure  of  one  of  the  other  lamps  as  the  primary  cause. 

Failure  of  a  Stephenson  Lamp. 

On  the  4th  of  August,  1885,  in  the  Middleton  mine  of 
the  East  Ardsley  Colliery  (Fig.  5)  in  the  early  morning,  the 
night  deputy  found  a  fall,  B,  which  interfered  with  the  free 
passage  of  the  air  through  one  of  the  banks,  but  no  gas, 
and  as  a  precaution  he  ordered  the  collier  who  was  going  to 
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work  in  the  next  bank  on  the  outbye  side  to  take  a  Stephen- 
son lamp  (Fig.  6)  instead  of  the  Clanny  (Fig.  4)  which  he 
ordinarily  used.  About  9  a.m.  the  day-deputy  found  a 
little  gas  in  the  fast  comer,  A,  but  did  not  tell  the  collier 
working  at  C,  and  about  twenty-five  minutes  past  two, 
whilst  the  collier  was  moving  his  lamp  to  hang  it  on  a  prop 
or  place  it  on  the  pack  wall,  the  gas  which  had  accumulated 
overhead  fired  through  his  lamp.  The  collier  was  very 
badly  burned,  and  afterwards  died,  but  the  pony  driver  who 
was  in  the  horse  road  and  also  badly  burned,  recovered.  In 
this  case  the  failure  was  probably  due  to  the  reversal  of  the 
air  current  within  the  lamp,  caused  by  the  upward  diagonal 
movement,  and  experiment  has  proved  that  when  such  a 
reversal  takes  place  the  fiame  is  crushed  down  on  to  the 
wick,  the  lamp  fills  with  gas  from  the  top,  and  as  soon  as 
this  touches  the  flame  the  resulting  explosion  is  so  violent, 
being  confined  by  the  long  glass  cylinder,  that  it  passes 
through  the  copper  cap  and  the  surrounding  gauze  without 
any  perceptible  delay.  It  is  probable  that  some  coaldust 
was  also  present,  as  the  collier  had  been  loading  coal  into  a 
tub  just  before  the  accident  happened. 

Failures  of  Clanny  Lamps. 

On  the  19th  of  May,  1894,  at  the  Albert  pit  of  the 
Allerton  Main  Collieries,  five  men — viz.,  the  under-manager, 
a  deputy,  and  three  miners — were  engaged  in  making  pre- 
parations to  remove  some  firedamp  which  had  accumulated  in 
the  end  of  the  east  bord  of  the  Silkstone  seam  of  coal,  above 
a  fall  of  roof  in  broken  ground  where  there  was  also  a  rise 
fault  of  12ft.  They  first  of  all  erected  a  fan  at  the  end  of 
some  wooden  pipes,  12iii.  square  and  21ft.  long  (which  had 
been  used  to  ventilate  the  heading),  so  as  to  blow  the  air 
directly  into  the  gas,  and  thus  clear  it  out  with  the  least 
possible  delay.     Soon  after  starting  the  fan  they  found  that 
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one  of  the  pipe  joints  was  defective,  and  the  under-manager 
and  deputy  proceeded  to  take  o£E  the  brattice  cloth  which 
covered  it,  preparatory  to  putting  in  a  new  pipe,  but  almost 
as  soon  as  they  had  commenced  an  explosion  took  place,  and 
all  five  men  were  burned,  one  miner  dying  on  the  24th,  the 
under-manager  on  the  28th,  and  another  miner  on  the  29th 
of  May.  Four  of  these  men  had  Clanny  safety  lamps  with 
metal  bonnets,  similiar  to  Fig.  7,  gauze  caps  to  the  main 
gauze,  and  the  inlet  air  ascending  vertically  through  holes 
in  the  middle  ring,  as  is  customary  in  most  modem  safety 
lamps,  but  the  fifth  man  had  a  lamp  with  a  tin  shield,  and 
the  inlet-air  holes  |in.  in  diameter,  placed  in  the  side  of  the 
shield  near  its  base.  It  will  be  seen,  therefore,  that  the 
gauze  of  this  latter  lamp  was  imperfectly  protected  from  the 
direct  effects  of  an  air- current,  and  as  it  was  the  lamp  used 
by  the  under-manager  and  deputy  when  removing  the 
brattice  cloth  from  the  joint,  it  was  surmised  that  the  lamp 
was  close  to  the  joint,  that  it  was  in  a  gas-charged  atmos- 
phere at  the  time,  and  that  as  soon  as  the  brattice  was 
removed  a  current  of  air  of  high  velocity  rushed  out  of  the 
joint,  and  forced  the  flame  of  the  burning  gas  through  the 
gauze,  and  thus  originated  the  explosion.  None  of  the  safety 
lamps  were  damaged  in  any  way  by  the  explosion,  and  were 
found  securely  locked. 

Following  the  failure  at  Allerton  Main,  a  more  serious 
explosion  occurred  from  a  similar  cause  on  the  1st  of  October* 
1895,  at  Shakerley  Colliery,  Tyldesley,  in  the  Trencherbone 
seam  of  the  Wellington  pit  (Fig.  8),  whereby  five  lives  were 
lost.  These  were  (1)  the  manager,  (2)  the  under-manager, 
(3)  the  day  fireman,  (4)  the  night  fireman,  and  (5)  a  dataller, 
all  of  whom  were  reported  to  have  been  very  badly  burned. 
No.  1  had  a  bonneted  Clanny  lamp,  locked  by  a  screw,  and 
burning  colza  oil;  Nos.  2  and  3  had  similar  lamps,  but  on 
examination  after  the  explosion  it  was  found  that  the  gauze 
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of  No.  3  (Fig.  7)  showed  marked  signs  of  having  been  much 
heated — in  fact  red  hot.  It  was  furnished  with  a  loose 
shield  round  the  gauze,  the  oil  vessel  was  not  tight,  and  it 
took  only  two  and  three-quarter  turns  to  screw  it  up.  The 
glass  was  2in.  in  diameter,  the  top  and  bottom  ends  being  so 
carelessly  ground  that  they  were  l-16th  inch  out  of  parallel 
and  at  one  point  the  light  could  be  deflected  by  blowing 
between  the  glass  and  the  asbestos  ring.  The  gauzes  were 
made  of  copper  wire,  and  were  found  to  be  badly  seamed, 
the  main  gauze  being  l^in.  in  diameter  and  3^in.  long,  sur- 
mounted by  a  gauze  cap  l^in.  long.  The  products  of  com- 
bustion escaped  through  holes  in  the  circumference  of  the 
shield  as  well  as  vertically  through  the  gauze  cap,  which  was 
protected  by  a  semi-circular  hinged  or  tile  top  open  at  both 
ends.  Nos.  4  and  5  had  Protector  Company's  bonneted 
Marsaut  lamps,  locked  by  lead  plugs,  and  burning  colzalene 
spirit.  All  the  lamps  were  foimd  intact  after  the  explosion. 
The  circumstances  leading  up  to  this  explosion  were  as 
follows : — Gas  having  accumulated  in  one  of  the  districts  of 
the  Trench  erbone  Mine  an  attempt  was  made  to  clear  it  out, 
but  this  failing,  the  manager,  accompanied  by  the  four  men 
before-named,  went  to  remove  it.  The  only  air-current 
available  for  this  purpose  came  from  the  Nelson  pit  through 
a  very  small  airway,  and  it  has  been  estimated  that  it  did 
not  exceed  1,000  cubic  feet  per  minute,  that  this  small 
quantity  was  further  reduced  by  part  of  it  escaping  down  the 
first  brow,  and  that  its  velocity  did  not  exceed  2ft.  per 
second.  At  the  point  where  No.  3's  lamp  was  found  the 
level  was  6ft.  wide  by  3ft.  9in.  high,  and  divided  by  a  brat- 
tice cloth  placed  2ft.  from  the  higher  side,  the  lamp 
standing  on  the  return  side  and  therefore  in  the  larger 
space.  The  positions  in  which  the  other  lamps  were  found 
led  to  the  surmises,  (a)  that  all  the  lamps  excepting  No.  3's 
had  been  extinguished ;    (b)  that  No.  2  went  forward  past 
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the  end  of  the  brattice  without  a  light  to  remove  some 
obstruction,  and  was  rendered  insensible  by  the  gas ;  (c)  that 
No.  1  rushed  in  to  his  rescue,  and  when  only  8ft.  beyond  the 
lamp  he  had  left  behind,  the  latter  passed  the  flame,  and  all 
were  immediately  killed  by  the  succeeding  explosion.  This 
reasoning  indicates  that  disturbances  of  gas  and  dust  by 
such  movements  as  those  of  Nos.  1  and  2  are  quite  sufficient 
to  cause  the  passage  of  flame  through  similar  lamps,  when 
the  gauzes  are  already  overheated. 

Another  explosion  originating,  as  the  writer  will  endea- 
vour to  show,  through  the  failure  of  a  modern  bonneted 
safety  lamp,  was  that  which  occurred  at  Tylorstown,  on  the 
27th  of  January,  1896,  about  half-past  five  in  the  morning, 
and  which  devastated  Nos.  6,  7,  and  8  pits.  The  considera- 
tion of  this  case  is  of  great  importance  at  a  time  like  the 
present,  when  the  practical  safety  of  all  the  best-known 
explosives  is  being  contested,  and  when  the  Tylorstown 
explosion  is  held  up  as  a  practical  example  of  the  failure  of 
ammonite  as  a  safe  explosive  in  a  fiery  mine.  The  inquiry 
into  the  cause  of  this  disaster  was  to  some  extent  an  exhaus- 
tive one,  all  the  witnesses,  including  the  colliery  officials, 
the  experts,  and  the  Government  inspectors,  agreeing  that 
the  explosion  originated  in  the  west  district  of  the  Six-feet 
workings  (Fig.  9),  but  the  inspectors  were  the  only  witnesses 
who  fixed  the  place  of  first  ignition,  and  also  its  cause.  The 
jury  accepted  the  theory  and  evidence  of  the  inspectors,  and 
returned  their  verdict  **  that  the  cause  of  the  explosion  was 
the  firing  of  a  shot  in  gas  in  Daniel  Williams'  stall  in  No.  8 
pit  (Fig  10),  and  that  the  air  passing  along  the  coal  faces 
was  charged  with  gas,  and  probably  coming  in  contact  with 
a  film  of  gas  in  Daniel  Williams'  road,  and  that  the 
explosion  was  also  accelerated  by  coal-dust.  Also  that  no 
one  now  living  is  responsible  for  the  explosion."  This 
verdict,  based  on  the  evidence  broua^ht  before  the  court. 
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proved  the  existence  of  the  principal  factors  which  affect 
the  present  inquiry  into  the  safety  of  some  of  the  bonneted 
safety  lamps  now  in  daily  use  in  fiery  as  well  as  in  non- 
fiery  mines,  viz.,  a  ventilative  air-current  charged  with  gas, 
a  film  of  gas  standing  in  Daniel  Williams'  stall  and  road, 
gas  standing  in  Skyrme's  stall,  which  was  two  stalls  away  on 
the  windward  side,  two  firemen  going  round  the  west  dis- 
trict on  their  usual  round  of  inspection  preparatory  to  the 
colliers  going  to  work,  and  coaldust  floating  in  the  ventila- 
tive current.  Both  firemen  were  found  in  stalls  where  there 
was  standing  gas,  and  where  also  there  were  shots  standing 
ready  for  firing  (see  Fig  9),  viz.,  John  Lewis  (No.  17)  in 
David  Evans'  stall  and  Richard  Evans  (No.  55)  in  Daniel 
Williams'  stall.  Only  one  man,  named  John  Thomas  (No. 
46),  a  collier,  was  at  work  in  the  west  district  and  on  the 
leeward  side  of  both  the  firemen ;  thus  if  John  Lewis 
renewed  a  brattice,  or  did  anything  to  move  the  standing 
gas  in  David  Evans'  stall,  this  would  pass  directly  on 
to  Richard  Evans,  and  this  increment,  along  with  any 
gas  set  free  by  Richard  Evans,  would  pass  directly  on  to 
the  collier  John  Thomas.  Thus  it  will  be  seen  that  if  Lewis 
(No.  17)  set  any  body  of  gas  free,  it  might  reach  Richard 
Evans  (No.  55)  after  he  examined  a  stall  and  found  it  safe 
for  firing,  and  might  thus  catch  him  unawares  when  light- 
ing the  fuse,  and  in  like  manner  John  Thomas  (No.  46) 
might  be  caught  unawares.  John  Lewis  had  a  bonneted 
Davy  lamp  with  a  moveable  glass  for  shot-firing  (Fig.  la), 
Richard  Evans  a  similar  lamp,  and  John  Thomas  a  bonneted 
Cambrian  Clanny  lamp  (Fig.  7a).  Both  firemen  were  found 
on  their  faces,  and  in  positions  which  they  would  not  have 
taken  up  had  they  just  fired  a  shot  or  were  about  to  do  so. 
Not  only  so,  but  the  position  in  which  Richard  Evans*^ 
(No.  55,  Fig.  10)  lamp  was  found,  entirely  exonerates  him 
from  the  charge  of  having  fired  a  shot  under  such  dangerous 
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coDditions;  thus  his  lamp  was  found  undamaged  on  tlie 
floor,  covered  by  fallen  dirt,  with  the  wick  up,  and  at  a 
distance  of  Sft.  from  his  body,  thus  proving  that  the  lamp 
had  not  been  dropped,  and  was  not  in  his  hands  at  the 
time  of  the  explosion,  but  that  it  had  been  placed  on  the 
floor  whilst  he  did  something  which  required  the  use  of  both 
hands.  If,  therefore,  the  explosion  originated  in  this  stall, 
it  mupt  have  been  from  the  failure  of  the  bonneted  Davy 
lamp,  and  not  from  shot-firing.  Mr.  Bobson,  H.M.  Chief 
Inspector  of  Mines  for  the  South  Wales  District,  based  his 
opinion  that  the  explosion  originated  in  Daniel  Williams' 
stall  (1)  on  the  cleanness  of  the  stones  which  had  been  thrown 
down  by  the  shot,  (2)  on  the  non-blackening  of  the  roof, 
(3)  on  the  general  fact  that  has  been  observed,  that  there 
was  little  damage  done  to  the  workings  in  the  immediate 
vicinity  of  the  starting  point  of  a  large  explosion,  (4)  that 
the  lighting  of  the  fuse  had  caused  the  first  ignition  of  gas, 
or  (5)  that  the  shot  itself  caused  the  explosion  of  the  sur- 
rounding athmosphere,  which  was  charged  with  gas  and 
dust  in  suspension.  Now  to  show  that  these  facts  were  not 
sufficient  to  prove  that  the  explosion  originated  in  Daniel 
Williams'  stall,  it  is  only  necessary  to  note  that  this  was 
only  one  of  at  least  three  shots  which  were  fired  at  or  about 
the  time  of  the  explosion,  viz.,  the  one  already  named 
above,  one  near  where  the  fireman  Lewis  was  found,  and 
one  about  a  mile  away  in  the  hard  heading  district  of  No.  7 
pit.  No  fireman  was  near  the  latter  shot.  There  is, 
however,  clear  proof  that  the  explosion  was  not  caused  by 
any  of  the  shots,  because  Richard  Evans'  body  was  thickly 
coated  with  coal  dust,  and  his  mouth  was  full  also,  whereas 
the  stones  thrown  down  by  the  shot  were  clean,  and  if  the 
explosion  had  been  initiated  by  the  lighting  of  the  fuse, 
Evans'  body  would  not  have  been  covered  with  dust  nor  in 
the  position  in  which  it  was  found,  nor  yet  could  his  lamp 
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have  been  in  the  position  where  it  was  found,  as  it  was. 
undoubtedly  a  part  of  the  shot  firing,  and  would  necessarily 
be  in  the  fireman's  hand.  All  the  brattice  sheets  were 
blown  away  and  no  evidence  was  given  as  to  where  found,, 
or  additional  light  might  have  been  thrown  on  the  subject. 
Having  shown  that  the  facts  were  in  the  main  opposed  U> 
the  theory  of  the  inspectors,  it  is  necessary  to  diagnose 
some  more  likely  theory  based  on  facts  which  were  agreed! 
by  all  the  witnesses.  The  main  fact,  then,  is  that  the 
explosion  originated  in  the  west  district,  and  as  neither  of 
the  two  points  where  the  firemen  were  found  satisfy  the 
required  conditions  we  must  turn  to  the  only  one  left,  viz.,. 
where  the  collier  Thomas  (46)  was  at  work.  Here  we  find 
a  place  where  the  whole  force  and  volume  of  the  ventilative 
air-current,  36,360  cubic  feet  per  minute,  was  concentrated,, 
and  where  it  was  charged  with  all  the  gas  and  dust  disturbed 
by  the  actions  of  the  two  firemen.  The  collier  was  ripping 
up  floor  about  two  yards  from  the  face,  and  was  found  at 
the  face,  and,  therefore  had  simply  fallen  without  beings 
blown  in  any  direction,  his  lamp  was  found  intact,  teas  not 
upset  at  all,  the  gauze  on  inspection  was  found  to  be  clean  and 
in  good  condition,  free  from  oil,  8fc.,  the  glass  a  little  dirty y. 
bonnet  unbulged,  and  the  wick  up,  thus  proving  that  the  lamp 
had  not  been  dropped  out  of  his  hand,  and  that  he  had  not  been 
exposed  to  violence.  Thomas'  body  was  only  superficially 
scorched  over  the  exposed  parts,  hair  singed,  face  very  red,, 
and  epidermis  of  hands  loosened,  in  fact  he  was  only  as 
much  burned  as  might  have  been  expected  at  the  place  of 
origin  of  any  gas  explosion  under  like  conditions.  It 
should  be  particularly  observed  that  the  heat  and  dust  were 
less  in  the  collier's  (46)  place  than  in  the  one  where  the 
fireman  (55)  was  found,  and  that  if  the  first  ignition  had 
been  by  the  fireman,  the  collier  would  have  been  exposed  to 
greater  heat  and  more  dust.     Moreover  the  injuries  to  the 
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doors  in  the  Cochins  road  and  in  Bates'  level  were  such  as 
might  be  expected  from  an  explosion  originating  in  Thomas* 
place  (46),  as  the  flame  would  in  the  first  instance  foUow 
the  gas-laden  air  along  the  coal  faces  to  the  south-west  on 
one  side,  and  to  the  north-east  and  south-east  on  the  other 
iside  into  Bates'  level,  and  the  pressure  would  escape  down 
Cochin's  head. 

Failures  of  Mueselers.     (Fig.  13.) 

The  explosion  at  the  Mossfield's  Colliery,  Longton,  on 
the  16th  of  October,  1889,  in  a  dry  and  dusty  and  very 
fiery  mine  called  the  Cockshead,  gave  very  good  indications 
that  the  failure  of  a  Mueseler  was  the  primary  cause,  and 
this  assumption  is  most  strongly  supported  by  the  succeeding 
example,  which  also  occurred  in  the  same  seam  a  few  miles 
to  the  north.  ^ 

Explorers  and  experts  who  examined  the  Mossfield  Colliery 
after  the  explosion  were  unanimously  of  opinion  that  the 
explosion  originated  in  No.  15  jig,  or  in  one  of  the  levels  at 
the  top,  but  nothing  was  found  to  absolutely  indicate  how  the 
ignition  occurred.  It  was,  however,  proved  in  the  course 
of  the  inquiry  that  the  ventilation  of  this  jig  depended 
entirely  on  brattice  sheets,  and  that  the  ventilation  of  the 
mine  was  being  interfered  with  at  the  time  of  the  explosion. 
Seven  Mueseler  lamps  were  supposed  to  have  been  in  use 
by  the  persons  working  up  the  jig,  but  only  six  were  after- 
wards recovered,  one  of  which  was  broken  and  crushed. 
The  man  (No.  66,  Fig.  11)  working  at  the  face  of  the  north 
level  iJDm  only  slightly  bunied,  whereas  the  other  men  on  the 
south  level  (Nos.  50,  51,  62,  63)  and  54  in  the  top  heading 
were  very  severely  burned.  Judging  from  the  evidence  of 
the  extent  of  the  burning  and  from  other  circumstances 
which  showed  that  the  place  where  No.  55  was  found  was 
the  point  of  least  disturbance,  the  writer  considers  that  there 
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was  very  strong  presumptive  evidence  that  the  failure  of 
No.  55'8  unbonneted  Mueseler  in  the  presence  of  a  mixture 
of  air,  firedamp,  and  floating  coaldust  was  the  cause  of  the 
explosion.  On  reference  to  M.  Marsaut's  experiments  it 
will  be  found  that  a  Mueseler  is  not  always  a  safe  safety 
lamp  in  a  quiescent  atmosphere  of  air  and  firedamp,  because 
it  sometimes  communicates  the  explosion  to  the  outside  by 
internal  explosion  in  a  stagnant  explosive  mixture,  and  it 
was  this  fact  which  mainly  brought  him  to  the  construction 
of  the  lamp  known  as  the  Marsaut. 

Mr.  E.  B.  Wain,  C.E.,  the  general  manager  of  the  Whit- 
field Collieries,  Stoke-on-Trent,  has  kindly  furnished  the 
writer  the  following  particulars  of  the  failure  of  an  un- 
bonneted Mueseler  which  occurred  on  the  9th  February, 
1886,  in  the  Cockshead  seam  of  that  colliery. 

An  old  road  was  being  crossed  which  was  very  dusty, 
having  been  on  fire  five  years  previously. 


A  man  was  at  work  with  a  typical  Belgian  Mueseler  hung 
up  on  a  prop  near  the  roof,  and  another  Mueseler  of  English 
make  was  hung  up  in  a  similar  manner  a  little  further  down 
the  heading.  A  small  fall  of  dirt  took  place  from  a  hole  in 
the  roof  of  an  old  level  where  a  small  quantity  of  gas 
was  lodged,  and  thus  brought  down  this  gas  on  to  the 
nearest  lamp  which  immediately  fired  the  mixture,   both 
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within  and  outaide  the  lamp,  resulting  in  an  entirely 
local  explosion  and  slight  injuries  to  the  man.  After 
the  explosion  the  lamp  was  found  to  be  in  a  perfectly  sound 
condition  and  the  gauzes  as  bright  as  silver,  whereas  the 
other  lamp  was  found  covered  with  dust,  thus  clearly  showing 
that  the  explosion  within  the  first  lamp  had  cleared  all  the 
dust  away. 

Mr.  Wain  says  he  had  only  left  the  place  a  few  minutes 
when  the  accident  occurred,  and  that  it  was  the  very 
dustiest  place  he  had  ever  seen  in  a  coal  pit,  the  dust 
consisting  principally  of  bind  and  shale  which  had  been 
intensely  heated. 

He  was  also  of  opinion  that  under  like  conditions  a 
bonneted  Mueseler  would  fail  in  like  manner.  (With  which 
opinion  the  writer  entirely  agrees.) 

Failure  of  Marsaut  Type  TJnbonneted.    (2  (Jauzes.) 

The  writer  is  indebted  to  Mr.  Ronaldson,  the  Chief  Inspector 
of  Mines  for  the  WesternDistrictof  Scotland,  and  his  assistant, 
Mr.  Pearson,  for  the  following  particulars  of  the  failure  of 
an  imbonneted  Marsaut. 

On  the  morning  of  the  19th  of  March,  1895,  at  No.  2  pit, 
Dalziel,  Lanarkshire,  worked  by  the  Wishaw  Coal  Company, 
one  of  the  firemen  in  the  ordinary  course  of  his  examination 
of  the  pit  before  the  men  went  in  to  work,  found  an  accu- 
mulation of  firedamp  about  30ft.  long,  in  a  narrow  heading 
which  was  being  driven  through  a  troubled  piece  of  coal  in 
the  Splint  seam,  at  a  point  about  a  mile  from  the  pit  bottom. 
This  place  was  imperfectly  ventilated  by  bratticing,  when 
not  assisted  by  the  exhaust  air  from  a  pumping  engine 
situated  about  six  chains  back  from  the  face.  The  gross 
pressure  of  the  air  was  about  401b.  to  the  square  inch,  the 
pipe  conveying  the  exhaust  air  from  the  engine  to  the  face 
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was  l|m.  in  diameter,  and  terminated  about  15ft.  from  the 
face.  The  pumping  engine  haying  been  standing  for  some 
hours  in  consequence  of  repairs  to  the  compressor,  firedamp 
had  accumulated,  and  as  the  colliers  wanted  their  tools  to 
work  in  another  part  of  the  pit,  the  overman,  fireman,  and 
one  collier  went  in  with  safety  lamps  to  fetch  the  tools. 
Whilst  the  fireman  was  in  the  act  of  putting  up  his  lamp  to 
the  roof  to  test  for  gas,  the  engine  was  suddenly  started, 
and  the  exhaust  air  issuing  at  a  high  velocity  directly  on  to 
the  lamp,  which  was  already  surrounded  by  gas  with  only  a 
slight  admixture  of  air,  forced  the  gas  so  suddenly  into  the 
lamp  that  it  was  completely  filled,  and  when  ignited  by  the 
wick  flame  (which  was  probably  reduced  for  testing),  the 
violence  of  the  resulting  explosion  was  so  great  that  the  gas 
flame  passed  right  through  both  gauzes.  The  accumulated 
gas  thus  ignited  caused  injuries  to  the  overman,  fireman, 
and  two  colliers,  one  of  the  latter  being  some  distance  away. 
The  overman  was  watching  the  fireman  making  the  test  for 
gas,  and  distinctly  saw  flame  pass  out  of  the  lamp.  The 
lamps  used  by  the  overman  and  fireman  were  afterwards 
found  on  the  ground,  and  were  in  good  condition  and  so 
little  heated  that  there  was  nothing  to  show  which  lamp  had 
failed.  The  velocity  of  the  air  issuing  from  the  exhaust 
pipe  was  measured  by  an  anemometer,  and  found  to  be  600ft. 
per  minute  at  a  distance  of  6ft.  from  the  pipe,  and  at  a 
distance  of  3ft ,  1,600ft.  per  minute.  The  whole  pit  was 
worked  with  safety  lamps,  and  the  lamps  used  by  the  over- 
man and  fireman  were  Protector  Company's  unbonneted 
Marsaut's  of  the  following  dimensions : — Outer  gauze  4^in. 
long  by  2^in.  diameter  at  the  base  and  2iVin.  at  the  top; 
inner  gauze  l|in.  in  diameter  at  the  base  and  1  fin.  at  the 
top  by  3^in.  long;  glass  2|in.  diameter  by  2^in.  long. 
These  dimensions  are  a  little  in  excess  of  those  adopted  by  M. 
Marsaut.     The  gauzes  were  flanged  at  the  base  but  were 
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not  strengthened  by  copper  rings  riveted  to  their  base.  The 
heading  where  this  explosion  occurred  being  thoroughly  wet 
from  water  issuing  from  the  coal  and  roof,  coaldust  was  not 
a  factor  in  the  explosion,  nor  is  it  probable  that  it  was 
present  in  the  compressed  air,  as  the  screens  were  not  at 
work  and  the  compressor  was  fifty-five  yards  away  from 
them,  but  it  is  possible  that  firedamp  had  accumulated  inside 
the  pipe  as  well  as  around  it,  and  was  forced  on  to  the  gauzes 
at  a  velocity  of  between  10  and  27ft.  per  second. 

Marsaut   Type    Failure.      (Fig.  12.) 
(Containing  self-lighting  apparatus.) 

In  consequence  of  an  explosion  of  firedamp  in  a  section 
of  the  Olga  seam  of  the  shaft  of  the  £aiser  Heinrich 
Ferdinands  Nordbahn  Colliery,  the  origin  of  which  accident 
was  unknown,  Bergrath  Meyer,  OesterreichUche  Zeitschrift 
fur  Berg-und  Hutienwesen,  was  deputed  to  investigate  the 
matter  with  a  view  to  discovering  the  reason  for  the 
explosion. 

The  section  in  question  is  the  most  fiery  portion  of  the 
colliery,  and  is  situated  between  two  extensive  faults.  The 
seam  is  about  68in.  thick,  the  slope  30  degs.,  and  the  volume 
of  gas  liberated  about  1,110  cubic  feet  in  twenty-four  hours 
for  each  ton  of  coal  hauled,  a  quantity  about  equal  to  that  of 
the  most  fiery  pits  in  the  Karwin  district.  The  percentage 
of  firedamp  in  the  expelled  ventilating  current  is  sometimes 
as  high  as  0*75  per  cent. 

At  the  time  of  the  explosion  a  hewer  was  engaged  in 
trimming  out  a  position  for  the  erection  of  some  timbering, 
by  the  light  of  a  Wolf  benzine  lamp  of  the  old  type,  with 
double  gauze  and  percussion  igniter.  Although  it  was 
evident  that  the  firedamp  was  ignited  by  this  lamp,  the 
immediate  cause  could  not  be  ascertained  owing  to  the  con- 
tradictory statements  of  the  miner,  and  the  matter  remained 
in  doubt  until  a  series  of  laboratory  experiments  indicated 
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the  possibility  of  the  ignition  being  caused  by  the  direct 
impact  of  a  sudden  rush  of  gas  from  the  coal  against  the  lampr 
though  the  latter  was  in  perfect  order. 

The  hypothesis  that  the  ignition  might  have  occurred 
through  an  outburst  of  flame  from  the  lamp  in  consequence 
of  the  combustion  of  some  of  the  ignition  pillules  on  the 
lighting  strip  inside  the  gauze,  was  shown  to  be  highly 
improbable  by  the  tests  made  with  the  same  lamp  in  a 
Schondorff  apparatus,  the  lamp  being  lighted  in  an  atmos- 
phere containing  7  per  cent,  of  firedamp  and  moving  at  a 
velocity  of  5  to  6  yards,  as  also  by  the  simultaneous  combus- 
tion of  eight  of  the  pillules  within  the  lamp  in  an  atmosphere* 
charged  with  10  per  cent,  of  firedamp.  No  outbursts  of 
flame  could  be  detected,  although  Spoth's  experiments,  made 
under  more  stringent  conditions,  showed  that  such  outbursts- 
from  safety  lamps  are  not  impossible. 

The  following  possibilities  were  assumed  as  the  cause  of 
the  explosion : — 

(a.)  Rapid  movement  of  the  lamp  and  sudden  contact,, 
whilst  charged  with  burning  firedamp,  against  some  hard 
object,  either  above,  below,  or  in  a  horizontal  direction,  with 
or  against  the  ventilating  current. 

(b.)  Contact  of  shreds  of  clothing  against  the  heated  or 
glowing  gauze  in  an  attempt  to  extinguish  the  lamp.  It 
should,  however,  be  observed  that,  from  the  condition  in 
which  the  lamp  was  found  after  the  explosion,  it  is  improbable 
that  the  gauze  could  have  been  red  hot. 

(c.)  An  outburst  of  flame  from  the  lamp  in  consequence  of 
the  ignition  of  the  pillules  of  the  lighting  apparatus,  at  the 
time  of  lighting  the  lamp,  or  withdrawing  the  pillules  while 
the  lamp  was  burning. 

(rf.)  Through  the  influence  of  an  outburst  of  gas  directly 
impinging  on  the  safety  lamp. 
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Each  of  these  four  possibilities  was  investigated  in  a  series 
of  laboratory  experiments  which  furnished  highly  interesting 
results : — 

(a.)  In  this  series  it  was  found  that  explosions  are  of 
frequent  occurrence  when  the  percentage  of  firedamp  exceeds 
6  per  cent,  and  the  velocity  is  over  23  ft. 

(b.)  Here  ignition  first  takes  place  in  a  5  per  cent,  firedamp 
mixture  and  at  velocities  above  13ft.  In  the  series  a,  d,  c, 
no  iguition  occurred  in  lighting  the  lamp  by  the  ignition 
pillules,  even  at  velocities  up  to  39ft.  and  in  7  per  cent, 
firedamp  mixtures;  neither  was  any  outburst  of  flame  from 
the  lamp  produced  when  5,  10,  20,  and  even  72  pillules  (the 
•entire  strip)  were  set  off  at  once.  No  outbursts  ensued  on 
igniting  the  pillules  in  a  7*15  per  cent,  firedamp  mixture 
and  at  the  high  velocity  of  32  ft.;  and  only  when  the 
pillules  were  burnt  away  in  five  seconds,  with  the  lamp 
exposed  in  the  current  for  ten  seconds,  did  any  passage  of 
flame  to  the  outside  occur. 

The  divergence  between  these  results  and  those  obtained 
by  Spoth  can  only  be  explained  by  the  supposition  that 
Spoth  obtained  his  ignition  pillules  from  another  source, 
and  that  they  contained  a  stronger  charge  of  fulminate. 
The  condition  of  the  lamp  in  question  and  of  the  apper- 
taining strip  after  the  accident  was,  however,  such  as  to 
indicate  some  other  cause  for  the  explosion. 

The  circumstances  are  different  when  pillules  are  set  off 
whilst  the  lamp  is  burning ;  in  this  event  ignition  occurs — 
though  not  regularly — ^readily  at  velocities  of  20  to  23  feet, 
and  in  presence  of  7  per  cent,  of  methane.  The  friction 
igniter  also  produces  ignition  under  similar  circumstances 
in  7  per  cent,  methane  mixtures,  and  at  velocities  of  24  to 
25  feet. 
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The  fourth  series  of  experiments  with  gas  outbursts,, 
which  are  somewhat  difficult  to  imitate  in  the  laboratory, 
showed  that  in  the  case  of  gaseous  mixtures  with  a 
velocity  of  16  to  19  feet  the  light  was  invariably  extin- 
guished. On  the  other  hand,  in  a  quiescent  atmosphere  the 
impinging  of  a  methane- free  current  at  a  velocity  of  13- 
to  19  feet,  frequently  caused  the  flame  to  burst  out,  and 
this  is  the  most  probable  cause  of  the  explosion  at  the 
Heinrich  shaft,  more  especially  as  similar  outbursts  are 
characteristic  of  this  section  of  the  seam,  and  the 
phenomena  described  by  the  miner  coincide  with  what 
might  be  expected  to  happen  from  an  outburst  of  this- 
kind. 


Testing  Interior  Igniters  for  Safety  Lamps. 

The  objects  of  these  experiments,  by  Bergassessor  Balzer,. 
Oesterreichische  Zeitschrift  fur  Berg-j  und  Salifienwesen,  was 
to  ascertain  to  what  extent  the  lamps  used  in  the  Lower 
Silesian  coal  district  are  liable  to  flare  when  lighted  by 
percussion  igniters  in  a  fiery  atmosphere,  and  so  produce 
explosions  of  firedamp.  The  three  types  of  lamp  tested 
were  the  well-known  Wolf  lamp,  the  Hiibner  lamp,  and  the- 
Broucek  lamp. 

The  experiments  were  conducted  at  the  Gliickhilf- 
Friedenshoffnung  Colliery,  near  Harmsdorf,  in  an  apparatus 
resembling  that  used  in  the  series  of  tests  previously  made 
at  Neunkirchen,  except  that  an  atmosphere  of  coal  gas  from 
the  coke  ovens  was  employed  in  place  of  firedamp,  there 
being  no  available  supply  of  the  latter.  This  difference  in 
the  conditions  affects  the  value  of  the  results  in  so  far  as 
there  is  a  greater  tendency  to  flare  on  the  part  of  the  lamp- 
in  coal  gas ;  and,  therefore,  the  results  are  regarded  as 
merely  of  relative  value,  though  they  certainly  show  that  a* 
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lamp  which  will  satisfy  this  test  can  be  regarded  as  per- 
fectly safe  under  the  less  stringent  conditions  of  work  in  a 
mine.  The  tests  were  made  in  an  atmosphere  containing 
^  per  cent,  of  gas,  both  quiescent  and  moving  at  velocities 
of  40  to  80  inches  per  second,  the  lamps  being  exposed  for 
a  minute  to  the  action  of  the  gas  before  lighting.  The  first 
pellet  having  been  ignited,  a  second  one  was  fired  im- 
mediately in  order  to  see  whether  the  burning  gaseous 
mixture  within  the  gauze  cylinder  could  thereby  be  caused 
to  flare,  i.e.,  pass  through  the  gauze  ;  and  a  further  number 
of  pellets  was  ignited  in  quick  succession  until  this  result 
was  obtained,  or  the  gauze  became  red  hot,  or,  finally  until 
A  sufficient  number  to  demonstrate  the  safety  of  the  lamp 
had  been  let  off  without  a  flare  being  produced.  A  further 
test  of  the  liability  to  ignition  on  the  part  of  pellets  that 
have  previously  missed  fire  in  igniters  of  the  Wolf  type, 
where  the  tape  is  mounted  in  a  vertical  position,  was  made, 
the  tape  being  drawn  up  so  as  to  leave  several  unfired 
pellets  exposed  to  the  flame  subsequently  produced  by 
firing  a  pellet  lower  down  the  tape. 

The  results  showed  that,  when  used  with  a  single  gauze 
cylinder,  the  Broucek  lamp  was  the  least  liable  to  flares, 
an  advantage,  however,  neutralised  by  the  uncertain  action 
of  the  igniter,  which  frequently  failed  to  light  the  lamp  at 
^11.  In  the  case  of  the  Wolf  percussion  lamp  with  6  to  10 
miss-fires  (artificially  produced  in  the  manner  described 
above)  a  flare  occurred  in  almost  every  instance  where  only 
a  singk  gauze  was  used,  thus  confirming  practical  ex- 
perience as  to  the  danger  of  explosion  under  these  conditions 
in  a  fiery  atmosphere.  On  the  other  hand,  the  Wolf 
friction  igniter  proved  entirely  safe  under  the  same  con- 
-ditions.  The  use  of  a  double  cyclinder  of  gauze  greatly 
increases  the  safety  of  the  lamp,  flares  being  then  of  very 
rare   occurrence,   and   naturally   still  more  infrequent  in 
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firedamp,  which  is  less  inflammable  than  the  coal  gas 
mixture  used.  The  production  of  flares  by  the  ignition  of 
miss-fire  pellets  can  only  occur  when  the  tape  is  mounted 
vertically^  since  in  igniters  of  the  Hiibner  and  Broucek 
type  the  pellets  that  have  passed  the  striker  are  protected 
by  the  casing  of  the  box,  and  cannot  afterwards  be  ex- 
ploded. Furthermore,  with  ordinary  care  on  the  part  of 
the  miner,  there  is  no  occasion  to  ignite  a  second  pellet 
when  the  mixture  of  gas  is  found  to  be  alight — a  condition 
that  should  not  fail  to  be  noticeable,  especially  since  it  is 
usual  to  hold  the  lamp  up  close  to  the  face  in  the  act  of 
lighting.  Bearing  all  this  in  mind,  it  is  evident  that 
igniters  with  coiled  tapes  are  much  safer  than  those  of  the 
Wolf  percussion  type.  In  one  or  two  instances,  with  the 
Wolf  and  Hiibner  (single  gauze)  lamps,  a  flare  occurred  at 
the  first  attempts  at  lighting,  owing  most  probably  to  the 
prqfection  of  sparks  through  the  meshes  of  the  gauze ;  and 
should  this  be  found  to  happen  under  ordinary  working 
conditions,  the  safety  character  of  these  lamps  would  have  to 
he  regarded  as  of  a  low  order. 

All  the  Wolf  lamps  which  are  in  use  in  England  are 
fitted  with  the  friction  type  of  igniter  (Fig.  12). 

In  reference  to  this  type  of  safety  lamp  it  is  considered 
by  some  of  Her  Majesty's  Inspectors  of  Mines  that  their  use 
is  not  authorised  by  the  present  Mines  Regulation  Acts,  and 
that  no  safety  lamp  ought  to  be  provided  with  any  arrange- 
ment which  permits  the  user  to  relight  it  as  soon  as 
extinguished,  whether  the  state  of  the  mine  is  dangerous 
from  excess  of  firedamp  or  otherwise.  On  the  other  hand, 
it  has  been  pointed  out  by  continental  mining  authorities 
that  if  all  lamps  in  use  had  been  fitted  with  re-lighting 
apparatus,  many  valuable  lives  might  have  been  saved  where 
men  have  been  attempting  to  escape  from  the  perils  of  the 
after  effects  of  explosions. 
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Conclusions. 

The  safety  lamp  failures  of  which  the  writer  has  given 
particulars  are,  he  thinks,  sufficient  both  in  number  and 
detail  to  prove  to  the  most  sceptical  mind  that  there  is  every 
possible  difference  between  the  margin  of  safety  possessed 
by  a  safety  lamp  when  exposed  (1),  to  an  atmosphere  of 
firedamp  and  air,  and  (2),  to  one  composed  of  mixtures  of 
firedamp,  coal-dust,  or  other  dust  and  air.  Thus  the  case 
related  by  Mr.  Sawyer  shows  that  under  certain  conditions 
flame  may  be  passed  through  the  gauze  of  a  safety  lamp 
with  the  aid  of  coal  dust,  without  causing  the  explosion  of 
the  surrounding  atmosphere,  but  firedamp  mixed  with  air 
may  be  exploded  many  times  in  a  similar  lamp  without 
much  risk  of  passing  the  flame.  When,  however,  these  two 
dangerous  components  are  coupled  together  the  danger  is 
greatly  intensified,  and  such  occurrences  as  Shakerley  & 
Allerton,  &c.,  become  both  possible  and  probable.  The  vast 
importance  of  knowing  what  is  the  margin  of  safety,  if  any, 
is  evidenced  by  the  experiments  made  by  Mr.  Hilton,  at  the 
suggestion  of  Mr.  Gerrard,  H.M.'s  chief  inspector  of  mines 
for  the  Manchester  district,  on  the  bonneted  Clanny  lamp, 
which  failed  at  Shakerley.  Mr.  Hilton  conducted  these 
experiments  in  a  testing  gallery  belonging  to  the  Wigan 
Coal  &  Iron  Co.,  Ltd.,  which  is  in  all  respects  like  the  one 
used  by  Mr.  Rhodes  at  Aldwarke  Main,  and  he  also  made 
the  conditions  approximate  as  nearly  as  possible  to  those  of 
the  mine,  but  no  explosion  resulted,  although  the  time  of 
exposure  of  the  lamp  to  an  explosive  mixture  of  coal,  gas, 
and  air  varied  from  two  to  thirty-seven  mintes.  Further 
experiments  were  made  in  a  still  inflammable  atmosphere, 
and  continued  for  twenty  minutes,  but  no  passage  of  flame 
resulted,  although  the  gauze  was  heated  to  a  didl  red.  With 
the  inflammable  mixture  moving  at  the  rate  of  2ft.  per 
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second  ezperiments  were  made  for  twenty  minutes  with  a 
like  result.  Generally,  as  to  the  results  of  these  experi- 
ments, Mr.  Hilton  says  that ''  this  accident  requires  it  to  be 
shown  whether  this  type  of  lamp  (Fig.  7)  is  safe  in  a  still 
inflammable  atmosphere."  Mr.  Qerrard  also  says  **  that  in 
his  opinion  the  Glanny  lamp  is  not  one  of  the  best  types  of 
safety  lamp,  and  moreover,  that  the  cause  of  No.  3's  lamp 
failing  was  not  from  any  injury  to  any  of  its  parts,  but  that 
it  was  the  '  principle '  of  the  lamp,  and  that  this  accident 
emphasises  the  importance  of  thoroughly  testing  whether 
the  lamp  is  safe  before  permitting  its  use  in  fiery  mines. 
Unfortunately  so-called  safety  lamps  were  introduced 
without  such  a  complete  test  as  was,  in  his  opinion, 
necessary.  To  go  to  a  lampmaker's  shop  one  sees  all  sorts 
and  sizes  of  lamps,  gauzes,  and  glasses.  Although  un- 
shielded lamps  are  practically  prohibited  by  the  Act  they 
are  still  used,  it  being  almost  impossible  to  obtain  a  con- 
viction before  the  magistrates  for  such  an  offence.  Mr. 
Gerrard  further  says  that  he  hopes  that  the  lesson  taught 
by  the  Shakerley  explosion  will  lead  to  such  consideration 
and  full  recognition  on  the  part  of  all  connected  with  fiery 
mines,  firstly,  not  to  advance  at  all  in  an  inflammable  or 
explosive  mixture  with  even  a  securely  protected  safety 
lamp,  and  so  risk  bringing  on  an  explosion." 

Bonneted  Clanny  lamps  from  Allerton  Main,  similar  in 
construction  to  the  one  experimented  on  by  Mr.  Hilton 
(Fig.  7),  were  experimented  on  by  Professor  Lupton,  of  the 
Yorkshire  College,  Leeds,  with  explosive  mixtures  of  air 
and  lighting  [gas  moving  at  various  velocities,  and  forced 
on  to  the  lamps  by  a  fan,  but  no  failure  was  recorded 
until  a  velocity  of  50  feet  per  second  was  attained. 
This  velocity  was  calculated  from  the  reading  of  a 
water  gauge  placed  between  the  fan  and  the  lamp,  and 
was  not  confirmed  by  an   anemometer   test.     As  in  the 
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Sfaakerley  tests,  dust  was  not  included  in  the  experimental 
atmosphere,  and  therefore  the  only  information  obtained 
was,  that  a  certain  make  of  bonneted  Glanny  lamp  would 
stand  exposure  to  certain  conditions  for  a  certain  length  of 
time  without  failure.  The  conditions  under  which  the  tests 
were  made  were  not  maferially  different  from  those  adopted 
by  the  Mines  Accidents'  Commission,  when  testing  the  very 
first  lamps  of  the  present  bonneted  type  which  were  designed 
and  submitted  to  the  Commission  by  the  writer  on  the  9th 
of  May,  1882,  and  known  in  the  Official  Report  as  Nos.  17, 18, 
and  19,  Clanny's.  Nos.  17  and  18  were  almost  exactly  the 
same  in  construction  as  the  Shakerley  lamp  (Fig.  7),  only 
that  the  latter  had  a  copper  instead  of  an  iron  gauze,  and 
were  tested  up  to  a  velocity  of  1,926  feet  per  minute  for  38 
seconds,  and  to  1,500  feet  per  minute  for  94  seconds,  without 
failure,  and  No.  19  (Fig.  21  of  the  M.  AC.  Report)  which 
had  a  different  pattern  of  shield  or  bonnet  was  only  ex- 
ploded with  a  velocity  of  2,857  feet  per  minute  after  an 
exposure  of  32  seconds.  Now,  although  Nos.  18  and  19 
were  tested  so  long  ago  as  August  4th,  1882,  the  writer 
does  not  consider  that  this  represents  their  safety  value 
excepting  on  paper,  although  as  such  it  may  be  considered 
as  comparatively  very  satisfactory.  Just  to  show  there  are 
conditions  not  thoroughly  understood  which  affect  the  safety 
lamp,  another  of  his  safety  lamps  may  be  referred  to,  viz., 
the  Ashworth  No  6  of  the  same  report.  This  lamp  was 
double  bonneted  and  of  the  Mueseler-Amould  type.  It  was 
tested  to  2,897  feet  per  minute,  without  failure,  and  a 
similar  lamp  was  tested  by  Mr.  Rhodes  many  times,  also 
without  failure,  until  one  day  when  experiments  were  being 
made  for  some  visitors,  failure  occurred,  and  it  is  doubtless 
a  fact  that  the  conditions  were  such  that  a  larger  percentage 
of  gas  than  usual  entered  the  lamp,  passed  up  the  chimney, 
and  fired  the  mixture  with  which  the  outer  cylindrical  gauze 
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of  small  diameter  and  cubic  contents  was  doubtless  filled, 
and  originated  a  very  severe  explosion  in  the  apparatus. 
Knowing  these  facts,  and  also  that  during  the  course  of 
experiments  made  by  the  writer  in  1879,  he  had  discovered 
that  if  a  Davy  lamp  (Fig.  1)  were  exposed  to  a  current  of 
air  containing  only  4i  per  cent,  of  fire-damp  and  only  as 
much  of  8  feet  Bambury  coal  dust  as  a  velocity  of  370  feet 
per  second  would  lick  up  off  the  floor  of  the  testing 
gallery,  and  carry  in  suspension,  it  would  allow  the  flame  to 
pass  through  the  gauze  and  explode  the  outer  atmosphere  in 
from  7  to  11  seconds  without  heating  the  gauze  above  a 
cherry-red.  With  a  similar  percentage  of  fire-damp  and 
velocity,  but  with  the  coal  dust  eliminated,  the  Davy  lamp 
could  not  be  exploded.  It  is  a  most  unfortunate  circumstance 
that  neither  the  Mines  Accident  Commission  nor  yet  the 
Commission  on  Explosions  from  Coal  Dust  ever  touched  on 
the  influence  of  dust  on  safety  lamps,  but  its  importance 
may  be  realised  when  we  consider  that  the  particles  of  coul 
or  other  dust  always  floating  along  in  the  air  current  of  a  coal 
mine,  are  so  small  that  they  pass  through  the  gauze  mesh 
without  trouble,  and  if  from  any  cause  gas  is  burning 
within  the  gauze,  or  the  gauze  is  in  addition  red  hot, 
we  do  not  require  any  great  stretch  of  imagination  to 
estimate  what  may  result  from  such  u  combination. 
The  writer  does  not  think  that  people  in  general  under- 
stand what  is  the  most  dangerous  condition  to  which  a 
safety  lamp  may  be  exposed  in  the  everyday  life  of  u  coal 
mine,  and  therefore  he  may  say  that  it  is  when  a  lamp  is 
suddenly  raised  into  an  atmosphere  of  fire-damp  containing 
very  little  air  (see  the  failure  of  a  Stephenson  lamp  at  East 
Ardsley,  Figs.  5  and  6),  or  when  a  ventilative  current 
containing  an  excess  of  fire-damp  suddenly  surrounds  a 
lamp,  or  approaching  as  a  down  current  suddenly  fills  the 
lamp   from   the   top   and  crushes   down   the    wick   flame. 
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Such  a  state  of  risk,  especially  if  aided  by  a  little  suspended 
coal  dust,  is  fatal  to  all  lamps  which  admit  of  a  reverse 
current  being  formed  within  the  lamp.  The  Stephenson 
lamp  is  especially  subject  to  this  danger  because  the  air 
supply  below  the  glass  is  insufficient  to  feed  the  wick  flame 
and  to  prevent  a  down  current  from  the  top  of  the  lamp. 
Likewise  this  danger  is  brought  before  us  very  forcibly,  by 
the  explosion  supposed  to  have  originated  from  the  use  of 
self-igniters  in  a  Wolf  lamp  (Fig.  12),  which  is  confirmed 
by  the  tests  made  by  Bergrath  Mayer  and  Bergassessor 
Balzer  and  also  by  the  tests  made  by  M.  Marsaut  on  lamps 
filled  with  an  explosive  mixture  and  fired  at  about  the  same 
level  as  the  wick  flame  by  an  electric  spark.  M.  Marsaut 
made  108  trials  on  his  double  gauze  lamp,  92  without  the 
shield  and  16  with  that  appendage,  and  he  obtained  12 
exterior  explosions  or  1  in  9,  and  only  his  three  gauze  type 
resisted  a  total  of  201  tests.  These  tests  of  M.  Marsaut 
point  out  very  clearly  indeed  that  safety  lamps,  particularly 
those  which  are  used  by  officials  such  as  managers,  deputies, 
firemen  and  timbermen  ought  to  be  provided  with  a  much 
safer  mode  of  bonneting,  viz.,  one  which  will  absolutely 
preserve  the  lamp  from  becoming  filled  with  an  explosive 
mixture  from  the  top. 

This  contribution  to  an  important  subject  which  concerns 
the  everyday  life  of  a  coal  mine  might  be  still  further 
extended,  but  the  writer  thinks  that  he  has  provided 
sufficient  subject  matter  for  very  careful  consideration,  and 
which  ought  to  receive  the  attention  of  the  Home  Office 
Department  in  preference  to  legislation  such  as  that  which 
proposes  to  make  compulsory  the  provision  of  locks  incapable 
ef  being  surreptitiously  opened  without  datection,  and  which 
special  rule,  if  passed,  will  sweep  away  all  other  means  of 
locking,  excepting  the  lead  plug.     He,  therefore,  now  closes 
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the  subject  in  the  hope  that  the  practical  nature  of  the 
subject  will  receive  the  grave  attention  it  deserves  and  that 
the  following  quotation  from  the  1894  Report  of  the  Chief 
Inspector  of  Mines  for  the  Yorkshire  district  (Mr.  Wardell) 
may  obtain  practical  application,  viz.,  "  The  use  of  a  safety 
**  lamp  which  has  been  ascertained  by  experiment  and 
"  practical  test  to  be  the  safest  known  lamp,  ....  and 
"  the  consideration  of  the  treatment  of  coal  dust,  so  con- 
"  clusively  proved  to  be  a  grave  source  of  danger,  more 
''  especially  when  in  conjunction  with  gas." 

In  a  letter  dated  30th  April,  Mr.  Ashworth  says : — 

''Enclosed  I  hand  you  photos,  of  the  Scotch  Gauze,  the  Cambrian 
Fireman's  lamp,  and  the  Marsaut.  The  latter  does  not  look  very 
instructiye  as  a  Marsaut  (2  gauzes),  as  the  inside  gauze  is  not  delin- 
eated at  all.  The  Cambrian  lamp  is  however,  very  descriptive  for  the 
piupose  of  discussion,  and  it  is  one  of  those  safety  lamp  constructions 
which  to  my  mind  is  a  parody  on  bonneting — the  air  inlet  holes  below 
the  glass  are  not  shielded  in  any  way,  the  glass  can  be  raised  at  will 
aiid/cutened  up^  and  lastly  the  bonnet  can  be  screwed  off  without 
breaking  any  lock." 

'*  With  this  latter  lamp  in  mind  and  also  the  feiilures  I  have 
referred  to  in  my  paper,  the  wording  of  my  article  in  the  Colliery 
Guardian  of  the  20th  inst.  receives  much  emphasis." 


Mr.  Saint  said :  We  must  all  feel  indebted  to  Mr.  James 
Ashworth  for  this  important  paper,  and  I  feel  sure  it  will 
form  a  valuable  addition  to  our  transactions.  I  beg  to  move 
that  a  hearty  vote  of  thanks  be  given  to  Mr.  Ashworth  for 
his  valuable  contribution. 
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Mr  Matthews  :  I  have  great  pleasure  in  seconding  the 
motion.  I  hope  we  shall  have  a  very  good  discussion  on  the 
subject  when  Mr.  Ashworth's  paper  again  comes  before  the 
meeting  There  is  a  good  deal  to  be  said  about  safety  lamps 
which  has  been  mentioned  in  the  paper.  I  know  of  one  case 
where  ten  safety  lamps  were  found  unlocked  in  a  mine.  The 
fireman  when  going  round  found  the  old  screw  locks  had 
been  tampered  with.  The  men  were  taken  before  the  manager 
and  owned  that  the  lamps  had  been  examined  by  the  fireman 
in  the  morning  and  were  then  found  to  be  locked,  but  it 
appeared  that  a  boy  had  tampered  with  the  locks  by  using  a 
couple  of  nails  for  the  purpose,  which  shows  that  the  lead 
plug  is  much  superior  to  the  old  screw  lock  for  safety 
lamps. 

The  motion  was  passed  with  acclamation. 


Mr.  Saint  :  I  think  it  would  be  btst  to  have  this  paper 
in  print  and  all  the  diagrams  with  it,  before  we  enter 
upon  a  discussion.  It  opens  up  a  very  wide  subject,  and  Mr. 
Ashworth  has  expressed  a  desire  to  be  present  at  a  future 
meeting  when  it  can  be  discussed  fully. 

Mr.  Dickinson  :  It  is  a  very  important  paper  and  coming 
from  Mr.  James  Ashworth,  who  has  really  made  the 
improvement  of  safety  lamps  the  study  of  a  life,  we  could 
not  do  it  justice  to  discuss  it  off  hand  to-day.  I  have  much 
pleasure  in  seconding  that  the  discussion  be  adjourned^ 
but,  if  anyone  wishes  to  say  a  few  words  here  it  will  not 
interfere  with  the  discussion. 

Mr.  J.  McQeever  :  I  quite  agree  that  it  has  been  the 
study  of  Mr.  Ashworth's  life.     I  have  known  him  for  20 
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years  personally,  and  all  that  time  it  has  been  his  object  to 
establish  a  good  safety  lamp,  I  think  when  the  paper  is 
printed  we  shall  need  to  go  through  it  carefully  and  we 
shall  be  able  to  understand  it  better  then,  than  now. 

The  discussion  was  accordingly  deferred. 

This  concluded  the  business  of  the  Meeting. 


TRANSACTIONS 


MANCHESTER  GEOLOGICAL  SOCIETY. 


Pabt  XIX.  Vol.  XXVI.  Session  1899-1900. 


The  Ordinary  Meeting  of  the  Members  was  held  on 
Tuesday,  June  12th,  1900,  at  the  Society's  Rooms, 
Queen's  Chambers,  5,  John  Dalton  Street,  Manchester. 

Mr.  Lionel  B.  Wells,  M.In8t.C.E., 
(in  the  absence  of  the  President)  in  the  Chair. 


NEW    MEMBER. 


Mr,  John   R.  Rhodes,  of  Gorphwysfa,  Prestwich,  was 
elected  a  member  of  the  Society. 


The  resumed  discussion  on  Mr.  Thomas  Bell's  Paper 
"  On  the  Working  of  Coal  Mines  under  the  Sea ;  also  under 
the  Permian  Feeder  of  Water,  in  the  County  Durham," 
then  took  place : — 

19 
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BESUMED  DISCUSSION  ON  MR.  THOMAS  BELL'S 
PAPER  ON  THE  WOBKING  OF  COAL  MINES 
UNDER  THE  SEA;  ALSO  UNDER  THE  PERMIAN 
FEEDER  OF  WATER,  IN  THE  COUNTY  DURHAM. 


Mr.  Bell  gave  the  following  additional  information: — 

At  page  370,  mention  is  made  of  the  prospect  of  several 
large  collieries  being  sunk  and  others  opened  out  along  the 
new  line  of  railway. 

Since  writing  the  paper  a  Company  has  been  formed, 
called  the  "  Horden  Collieries  Co.,  Limited,"  with  a  large 
capital,  to  win  and  work  a  large  tract  of  undeveloped 'coal 
of  about  17,000  acres  lying  to  the  south  of  the  whin-dyke 
under  the  royalties  of  the  following  estates : — Horden  and 
Eden,  Little  Eden,  Shotton,  Castle  Eden,  Hulam  and  Nesbitt, 
Hesleden,  and  Hutton  Henny,  including  the  under-sea  coal 
beyond  the  fore-shore ;  thus,  practically  all  the  coal  along 
the  Durham  Coast  from  the  River  Tyne  to  Hartlepool, 
both  inland  and  under-sea,  is  now  taken  or  is  under 
lease. 

Operations  have  already  been  commenced  to  re-open  the 
Shotton  Colliery  which  has  been  laid  in  for  about  30  years, 
and  arrangements  are  being  made  on  an  extensive  scale  for 
sinking  the  "  Horden  Shafts,"  after  which  it  is  intended  to 
proceed  with  the  sinking  of  the  "  Hesleden  Shafts,"  and 
the  re-opening  of  the  Castle  Eden  and  Hutton  Henny 
Collieries. 

Sinking  operations  are  proceeding  at  the  Dawdon  and 
Easington  Collieries,  already  mentioned ;  at  the  latter  place 
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they  have  reached  a  depth  of  about  50  fathoms,  and  it 
appears  that  the  limestone  is  very  full  of  open  gullets  and  is 
giving  off  about  2,600  gallons  of  water  per  minute.  This 
water  is  found  to  be  very  salt,  and  as  the  depth  is  below  the 
sea  level  it  looks  ominous. 

Arrangements  have  recently  been  made  between  Lord 
Londonderry  and  the  North  Eastern  Railway  Co.  that  the 
latter  shall  take  over  or  purchase  his  Lordship's  private  line 
of  railway,  between  Sunderland  and  Seaham  Harbour,  which 
joins  the  new  line  now  being  constructed  by  the  Company  to 
a  point  on  their  old  line  somewhere  about  Hartlepool.  The 
Company  will  then  have  another  and  a  shorter  coast  line  of 
railway  between  the  ports  of  Sunderland  and  Hartlepool, 
with  Seaham  Harbour  New  Docks  between  them,  which  will 
provide  ample  accommodation  for  conveying  and  shipping 
the  produce,  not  only  of  the  collieries  in  question,  but 
also  of  a  large  number  of  other  collieries  in  the  immediate 
district. 

Another  Company  has  recently  been  formed  to  win  and 
work  the  coal  under  what  is  known  as  the  Fishbum  Estate, 
which  is  on  the  south  side  of  the  "  Butterknowle  Dyke," 
and  situated  between  the  villages  of  Trimdon  and  Fishbum. 
This  royalty  lies  to  the  extreme  south  of  the  coalfield,  and 
has  hitherto  been  imtouched.  Appended  is  an  abstract  of 
two  boring  sections  made  on  the  estate: — Comparing  the 
two  sections,  and  considering  that  there  is  little  variation  of 
the  contour  of  the  district,  it  seems  likely,  from  the  depths 
of  the  borings,  that  the  3  ft.  10  in.  seam  given  by  the 
Diamond  Boring  Co.,  is  the  same  as  that  given  by  the 
ordinary  boring  above  and  marked  "supposed  6/4  seam." 
There  is  no  other  proof  that  I  am  aware  of,  of  the 
existence  of  coal  in  this  locality  than  is  shown  by  these 
two  borings. 
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FisHBURN  Boring. — Commenced  in  a  quarrj'  on  Misst 
Chilton's  Estate,  about  one  mile  east  of  Colonel  Beckwith's- 
Estate,  7th  September,  1837 :— 


Ft.  Ins. 

Ft. 

Ins. 

Ft.     Ins 

Limestone  and  Marl 

. .     . .  266 

0 

Strata — Coal  Measures 

• • • •     33 

9  .. 

299    9 

Coal 

0    6 

Grey  Metal 

Coal,  foul 

0    2 
0    4 

Coal,  rather  foul 

0    8 

Grey  Metal 

Coal 

0    1 

0  10 

•   • 

2    7 

Strata 

117  11 

Coal,  foul        

0    7 

Coal 

Coal,  foul        

1     4 
0    4 

Supposed 
6/4  Seam. 

Coal,  hard 

2    8 

•  • 

4  11 

Strata 

96    0 

Coal,  strong  (not  named)  .  . 
Strata 

•   •          •  •          • 

•          •   • 

2    5 
41     3 

Coal,  good 

Coal,  coarse 

2     4)  Supposed 
1     2j  Main  Coal. 

•  • 

3    6- 

Bored  further 

15    3 

Boring  stopped  at      583    7 

and  resumed  24th  August,  1840,  when  four 
thin  seams  of  coal  were  met  with,  but  were 
only  from  4  to  12  inches  thick         245     7 


Total  depth  bored 


829    2 
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January,   1873. — ^Another  hole   was   put  down  by   the 

Diamond    Boring   Company  by    Beaumont's  new  boring 

apparatus : — 

Ft,   Ins.  Ft.     Ina. 

Sand  and  Clay       06     6 

Limestone 277    8 

344    2 

Strata,  Coal  Measures        69     6 

Coal        3  10 

417    6 

They  state  that  they  did  not  bore  through  the  coal  in 
consequence  of  breaking  the  rods. 

I  have,  since  writing  the  paper,  extracted  the  following 

from  the  sinking  records  of  the  Murton  CoUiery,  mentioned 

at  page  376,  which  shows  that  the  following  engine  power 

was  fully  employed  : — 

Hone  Hone 

Power.        Power. 

1.  North  Main  Pumping  Engine       • .     • .     450 

2.  South  „  „  „         450 

3.  East        „  „  „     250 

1,150 

1.  East  Pit  Machine        80 

2.  Middle  Pit    „         120 

3.  Polka     „      „  120 

4.  West      „      „  60 

380 

1.  East  Pit  Jack  Engine         20 

2.  Middle      „         „  20 

3.  West         „         „       14 

64 

Total  H.P.  employed 1,584 
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It  required  39  large  boilers  to  supply  these  engines  with 
steam. 

There  were  27  sets  of  pumps  in  use  with  working  barrels 
varying  from  16  to  19  inches  in  diameter,  and  the  quantity 
of  water  delivered  to  bank  was  about  10,000  gallons  per 
minute  from  a  depth  of  540  feet. 

After  the  tubbing  was  got  in  and  secured  there  was  very 
little  difficulty  beyond  the  occasional  blowing  out  of  a  little 
of  the  sheeting  which  was  easily  wedged  again.  A  few 
years  ago  the  acids  from  the  underground  furnaces  and 
boiler  fires  affected  the  metal  in  the  upcast  shaft  when  it 
was  f oimd  necessary  to  re-line  this  shaft,  new  tubbing  being 
put  in  in  front  of  the  old  tubbing. 

Nothing  occurred  to  disturb  the  level  of  the  water  in  the 
shafts  until  about  12  or  15  years  ago  when  the  Sunderland 
Water  Co.  put  down  a  pumping  plant  and  station  about  one 
mile  south  of  the  Murton  winning,  and  after  working  their 
pumps  for  some  few  years  their  area  of  exhaustion  appears 
to  have  reached  the  Murton  shafts  and  lowered  the  water 
behind  the  tub  about  20  feet  when  it  was  foun.d  necessary 
to  deepen  their  staples  so  as  to  command  a  necessary  supply 
of  water  for  their  colliery  consumption. 

I  have  made  an  analysis  of  the  various  strata  sunk  through 
at  a  dozen  of  the  deepest  pits  working  under  the  Permian  in 
the  County  of  Durham,  with  the  following  result : — 

Percent. 
Thickness  of  Alluvial  and  Limestone    . .     . .     22 
„  Red,  Blue  and  Grey  Metals  ....     33 

„  Posts  or  Sandstones 24 

„  Harder  Grey  Metals       21 

100 
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Taking  all  tlie  data  into  consideration,  I  must  again 
express  my  opinion  that  I  cannot  see  how  there  is  any 
more  danger  from  inrushes  of  water  when  working  coal 
in  the  usual  way  imder  the  sea  than  there  is  in  working 
under  the  Magnesian  Limestone  feeders. 


Mr.  Joseph  Dickinson  :  On  page  376  Mr.  Bell,  in  his 
notice  of  the  Murton  Colliery  winning  in  1841,  quotes  the 
feeders  of  water  as  having  been  estimated  at  10,000  gallons 
per  minute,  and  he  gives  his  authority,  page  43,  Vol.  V., 
Trans.  N.E.  Inst,  of  Mining  Engineers,  1856-7.  This 
quantity  of  water  being  so  enormous,  I  have  been  asked  by 
Mr.  Saint,  who  is  unable  to  attend  to-day,  to  enqtdre  whether 
since  the  date  of  the  authority  the  quantity  has  been  in 
any  way  verified  or  varied.  It  would  be  unreasonable  to 
expect  Mr.  Bell  or  any  person  to  deal  off-hand  in  dis- 
cussion with  such  figures.  I  have  therefore  looked  at 
the  authority  mentioned,  and  I  see  that  in  the  earlier 
stage  of  the  winning,  when  3,285  gallons  per  minute 
were  being  pumped,  the  feeders  were  in  excess  of  the 
power,  and  after  considtation  the  power  was  increased  until 
it  reached  9,306  gallons  per  minute  from  a  depth  of  540  feet, 
39  steam  boilers  (size  unstated)  being  employed,  the  calcula- 
tions being  apparently  from  the  size  of  the  pumps  and  the 
rate  of  pumping. 

Mr.  Bell  :  I  gave  the  quantity  as  10,000  gallons  per 
minute,  but  more  details  are  given  in  the  Transactions  of  the 
N.E.  Inst,  of  Mining  Engineers,  in  a  paper  by  Mr.  Potter, 
who  was  the  viewer,  and  who  sunk  these  pits.  My  object  was 
to  show  there  was  not  the  danger  that  has  always  been 
apprehended  from  winning  the  under  sea  coaL  I  thought 
Mr.  Dickinson  was  going  to  tell  us  of  the  danger  of  working 


560     BISCUSSIOV. ^WORKING  OF  GOAL  MINBB  CTNDBK  8BA.    [JuDC,   1900. 

under  sea  coal,  and  it  occurred  to  me  to  ask  ''  Can  there  be 
any  more  danger  in  doing  this  than  in  working  mines  under 
the  Magnesian  Limestone  P"  We  all  know  that  in  the  latter 
case  there  is  a  large  undergroimd  lake  to  be  dealt  with. 
Yet  it  has  been  worked  successfully  for  a  great  number 
of  years. 

Mr.  Dickinson  :  Mr.  Bell's  paper  is  so  complete  in  itself 
that  I  don't  think  there  will  be  many  of  us  who  will  have 
much  to  say  in  reference  to  it.     I  certainly  have  not. 

Mr.  A.  DuRY  MiTTON :  I  have  been  very  much  interested 
in  Mr.  Bell's  paper.  It  is  a  good  paper  and  is  an  important 
record  of  mining  work  in  a  district  which  has  been  some- 
what imexplored  imtil  recently.  I  have  been  connected  for 
ten  years  with  some  of  the  collieries  he  mentioned,  and  know 
something  of  the  working  under  the  Permian  feeders,  and  what 
little  water  is  seen  considering  the  amount  there  is  in  them. 
In  a  shaft  I  remember  we  had  some  very  strong  tubbing, 
and  it  had  to  be  re-set  to  straighten  it  owing  to  the  great 
pressure  of  water  on  the  shaft,  but  we  managed  to  hold 
the  water  in.  And  at  the  southern  end  of  the  county 
I  am  connected  with  some  of  the  Trimdon  collieries,  and 
know  the  feeders  we  have  there  in  all  the  seams.  Some 
years  ago,  before  Castle  Eden  colliery  stopped,  I  used 
to  go  there,  and  the  feeders  were  large.  But  no  doubt  the 
opening  out  of  these  new  collieries  should  assist  the  Castle 
Eden  coalfield  in  dealing  with  the  water. 


The  following  paper  "On  the  Mottled  Carboniferous 
Limestone  of  Derbyshire,"  by  Messrs.  J.  Barnes,  F.G.S.,  and 
W.  F.  HoLROYD,  F.G.S.,  was  read  by  Mr.  Holroyd  : — 
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ON  THE  MOTTLED  CARBONIFEROUS  LIMESTONE 
OF  DERBYSHIRE. 

By  Messrs  J.  Barnes,  F.G.S.,  and  W.  F.  Holroyd,  F.G.S. 


Occurring  in  some  parts  of  the  outcrop  of  the  Car- 
boniferous Limestone  of  Derbyshire  are  some  very  curious 
and  interesting  bands  of  mottled  rock.  (See  Plate  /.,  Nos. 
land  2.) 

The  one  with  which  we  propose  to  deal  more  particularly 
occurs  in  section  in  a  small  quarry  near  to  an  old  disused 
lead  works,  known  as  the  "  Glory  Mine,"  and  situated  on 
the  road  from  Miller's  Dale  to  Taddington  at  Priestcliffe 
Ditch,  as  well  as  in  another  quarry  on  the  London  Road 
about  half-a-mile  distant.  A  similar  rock  is  also  f oimd  at 
Matlock,  but  the  mottling  is  not  quite  so  well  defined  as  in 
the  case  of  the  Priestcliffe  Ditch  specimens.  It  also  occurs 
imdoubtedly  in  other  limestone  districts. 

Entering  the  quarry  near  the  "Glory  Mine"  during  a 
shower  of  rain,  some  very  curiously  mottled  limestone  was 
observed,  and  on  a  further  search  being  made  the  bed  was 
found  "  in  situ,"  its  thickness  being  about  twenty  inches. 

The  base  of  the  bed  consists  of  a  fine  grained  light 
coloured  stone  of  a  greyish  buff  colour  and  of  imiform 
texture,  containing  only  a  few  fossil  shells  and  occasionally 
portions  of  coral.     {See  Plate  /.,  No.  ^,  A,) 

This  bed  stops  quite  suddenly,  and  the  mottled  rock 
makes  its  appearance  presenting  the  following  characters 
when  seen  "  en  masse."    (See  Plate  /.,  No  £,  B.) 

There  is  a  light  coloured  and  fine  grained  matrix  similar  to 
the  bed  underlying  it  with  dark  coloured  irregularly  shaped 

19a 
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patehes  of  a  fine  grained  limestone.  The  dark  patches 
vary  in  size,  from  that  of  a  pea  to  the  size  of  one's  hand, 
and  the  shapes  are  of  all  kinds,  but  very  uneven  and 
irregular. 

In  some  cases  the  dark  is  cut  off  very  sharply  from  the 
light  by  a  dark  line  or  narrow  band,  which  is  occasionally 
almost  black,  and  which  follows  the  outer  margin  of  the 
patch. 

In  other  cases  there  appears  to  be  a  more  gradual  passage 
from  the  light  to  the  dark. 

After  continuing  for  about  twenty  inches  in  thickness  the 
mottled  limestone  ceases  and  the  same  fine  light  coloured 
limestone  begins  again,  the  change  from  the  mottled  to  the 
light  being  quite  as  sudden  and  sharply  marked  as  its 
commencement. 

The  patches  in  the  mottled  limestone  are  more  or  less 
isolated  and  are  not  confluent,  there  is  also  a  slight  tendency 
for  them  to  break  along  the  line  of  contact  with  the  lighter 
portion  when  struck  with  the  hammer. 

There  is  nothing  in  the  patches,  or  about  them,  of  the 
nature  of  a  concretion,  or  of  a  rolled  pebble,  and  the  rock 
is  quite  distinct  from  the  pebbly  conglomerate  described  in 
a  previous  paper.* 

The  appearance  of  the  mottled  bed  led  us  to  make  some 
investigations  with  regard  to  it,  first,  as  to  the  cause 
of  this  peculiar  mottling,  and  second,  as  to  its  mode  of 
formation. 

The  first  thing  that  was  done  was  to  get  out  from  the  mass 
pieces  of  the  dark  part  completely  detached  and  free  from 
the  lighter  part,  and  to  determine  the  specific  gravity  of 
each. 

•  See  Trans.  Man.  Geol.  Soc.,  Vol.  XXVf.,  Part  XVI. 


Plate  I 
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Tliis  gave  the  following  results: — 

Dark  Part. 

Ist.  Determination      2'703 

2nd.  , 2-702 

Light  Part. 

Ist.  Determination      2  702 

2nd.  „  2-703 

So  far  as  this  physical  property  goes  the  determinations 
show  the  specific  gravity  of  the  two  kinds  to  be  the  same. 

A  chemical  examination  was  next  made,  and  a  great 
difference  was  seen  to  exist  in  the  amount  of  the  carbonaceous 
matter  present  in  the  dark  portion  as  compared  with  the 
light.  In  the  darker  portion  it  was  0'146  per  cent,,  whilst 
in  the  lighter  portion  only  0*046  per  cent.,  or  three  times  as 
much  in  the  dark  as  in  the  light.  This  larger  amoimt  of 
carbonaceous  matter  may  give  rise  to  the  difference  in 
colour. 

The  amount  of  silica,  lime,  iron,  alumina,  and  magnesia 
is  similar  in  both  samples. 

Now,  the  fact  that  there  is  more  organic  matter  in  the 
dark  part  has  a  most  interesting  and  wonderful  effect  upon 
the  weathering  of  this  mottled  rock,  for  whilst  the  light  portion 
is  easily  dissolved  away,  the  darker  resists  the  weathering 
to  a  much  greater  degree,  as  is  seen  in  the  specimen  upon  the 
table,  and  this  is  readily  understood  when  we  know  that  the 
hydrocarbon  present  acts  as  a  water  proofing,  and  so  prevents 
the  acidulated  rain  water  acting  so  rapidly  upon  the  darker 
part  as  on  the  lighter  which  contains  only  one-third  the 
amount  of  organic  material. 

Following  the  argument  further,  we  said  there  must  be  a 
cause  for  the  greater  amount  of  carbonaceous  matter  in  the 
dark  portion,  and  the  greater  amount  coidd  only  arise  from 
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the  decomposed  parts  of  either  plants  or  aniirals,  and  as  the 
naked  eye  failed  to  show  any  of  the  larger  forms  of  either 
plants  or  animals,  we  had  a  large  number  of  micro  sections 
of  the  limestone  prepared  which  revealed  the  following 
interesting  characteristics. 

In  the  lighter  parts  we  see  scarcely  any  signs  of  life  at 
all,  although  rarely  we  do  find  an  occasional  foraminifer, 
but  the  general  appearance  is  seen  as  in  the  photo — (Plate 
IL,  No,  3\ — whilst  in  the  darker  part  we  find  an  altogether 
different  structure,  the  field  being  crowded  with  life  remains, 
foraminifera  in  abundance  and  the  general  appearance  of  the 
limestone  itself  quite  different  in  texture.  {See  Plate  ILy 
Nob.  1  and  ^.) 

Here,  then,  you  see  we  have  a  full  explanation  of  the 
difference  of  the  light  as  compared  with  the  dark,  t.«.,  it  is 
caused  by  the  absence  in  the  light  part  of  the  remains  of 
foraminiferal  life,  whilst  in  the  dark  we  have  abundant  life 
remains,, and  these  in  a  most  perfect  state  of  preservation. 

In  both  cases  the  matrix  appears  to  be  the  result  of  a 
consolidation  of  a  calcareous  mud,  but  in  the  dark  parts  the 
calcite  crystals  are  more  numerous,  and  because  of  their 
greater  transparency  the  section  appears  lighter. 

In  the  dark  patches  the  variety  of  species  of  foraminifera 
is  considerable,  the  specimens  are  large,  and  so  numerous 
that  several  species  are  easily  discernible  on  one  slide. 
(&ee  Plate  IL,  Nos,  1  and  «.) 

Now  having  settled  the  cause  of  the  dark  and  light 
appearance  of  the  rock,  the  next  question  is :  What  is  the 
cause  of  the  peculiar  distribution  of  the  dark  and  light,, 
or  what  were  the  physical  conditions  which  led  to  its 
formation  P 

We  think  it  will  have  to  be  admitted  that  the  dark  and 
light  are  not  the  same  limestone,  but  that  the  dark  has  been 
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removed  from  its  original  place  of  deposition  and  inter- 
mingled and  cemented  into  the  Lighter  matrix,  because  one 
cannot  possibly  imagine  a  sea,  at  the  surface  of  which  so 
many  foraminifera  lived  and  died,  and  in  which  their  distri- 
bution after  death  upon  the  sea  floor  should  give  rise  to 
what  is  now  seen  in  the  limestone,  they  would  at  least  be 
arranged  in  something  like  regular  layers,  and  not  in  the 
characteristically  irregular  fashion  in  which  we  now  find 
them  disposed. 

In  the  discussion  upon  a  former  paper  read  by  us  at  the 
March  meeting  upon  the  pebbles  found  in  the  Windy  Knoll 
conglomerate.  Professor  Boyd  Dawkins  threw  out  the 
suggestion  that  the  pebbles  might  possibly  be  patches  of  a 
partially  hardened  calcareous  mud  from  the  sea-floor,  and 
this  idea  would  seem  to  offer  an  explanation  of  the  presence 
of  the  dark  patches  in  the  light  matrix,  and  it  is  not  difficult 
to  believe  that  their  origin  is  due  to  one  of  the  volcanic  out- 
bursts that  are  found  represented  in  the  limestone,  for  upon 
the  same  or  a  very  near  horizon,  as  far  as  we  are  able  to 
make  out,  there  exists  a  bed  of  volcanic  rock. 

Given  that  these  outbursts  of  volcanic  activity  were  pre- 
ceded by  the  usual  earth  shocks  and  sea  disturbances,  and 
the  neighbouring  presence  of  calcareous  beds  of  dark 
foraminif eral  mud,  we  have  all  the  conditions  necessary  for 
the  turning  up  from  the  sea  bottom,  and  consequent  removal 
to  another  area  of  the  dark  parts,  together  with  the  re- 
deposition  and  consolidation,  to  produce  the  peculiar 
mottlings. 

There  are  in  the  vicinity,  beds  of  the  darker  limestone 
with  the  same  suite  of  organic  remains  as  are  foimd  in  the 
dark  patches — {See  Plate  IL,  No8. 4  ^^  S,)  Although  it  is 
not  assumed  that  this  bed  was  the  one  from  which  the  patches 
have  been  derived,   it  proves   that  there  were  calcareous 
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muddy  deposits  ricli  in  organisms,  from  which  they  might 
have  been  derived.  These  muddy  deposits  would  vary  in 
different  localities,  and  it  is  assumed  that  a  portion  of  a 
darker  calcareous  mud  was  torn  up  and  distributed  over  an 
area  of  soft  but  lighter  coloured  deposit,  into  wliich  it  sank 
and  became  embedded:  both  afterwards  becoming  consoli- 
dated into  the  bed  of  limestone  as  we  now  find  it. 

In  one  of  the  specimens  it  is  well  shown  that  the  now 
existing  limestone  must  have  been  then  in  a  soft  plastic 
condition,  by  the  fact  that  one  of  the  patches  (marked  C, 
Plate  /.,  No.  2,)  is  distinctly  bent  whilst  falling  upon 
another  with  its  end  pointed  upwards. 

The  fact  that  both  previous  to,  and  after,  the  formation  of 
the  band  of  mottled  limestone  wc  have  fine  grained  rocks 
points  to  some  unusual  temporarily  existing  physical  con- 
ditions probably  of  a  violent  nature,  that  were  capable  of 
producing  currents  in  the  sea  sufficient  to  remove  the  deposit 
from  one  part  of  the  sea-floor  to  another. 

With  regard  to  the  lateral  extension  of  this  mottled  band 
we  know  but  little. 

It  has  been  suggested  that  the  markings  might  be  due  to 
doloraitization,  butin  the  dolomitization  of  a  limestone  we 
have  generally  important  physical  and  chemical  changes. 
The  limestone  has  its  carbonate  of  lime  partially  replaced  by 
carbonate  of  magnesia  and  ferrous  carbonate.  The  fossils 
are  to  some  extent  obliterated.  The  percentage  of  magnesia 
and  iron  is  increased,  and  the  colour  of  the  limestone 
appears  of  a  duU  dirty  buff  to  brown  colour.  It  is  more 
earthy  than  crystalline,  and  more  porous  and  sandy-looking 
than  ordinary  limestone. 

On  examining  the  mottled  limestone  in  the  various  aspects 
enumerated  above,  it  does  not  show  at  all  favourably  to  the 
dolomitization  hypothesis. 
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It  has  no  increased  percentage  of  magnesium  carbonate, 
and  it  has  not  the  physical  appearance  of  the  limestone  which 
we  know  has  been  dolomitized  and  changed  to  dun-stone. 

Dolomitization  generally  takes  place  for  some  distance  on 
each  side  of  a  more  or  less  vertical  joint,  becoming  weaker 
further  away  from  the  joint  on  each  side. 

The  mottled  limestone  lies  horizontally,  so  evidently  then, 
the  mottling  is  not  due  to  dolomitization  as  the  mottled  rock 
does  not  exhibit  the  characters  of  an  altered  rock,  but  it 
appears  to  us  that  the  physical  conditions  of  a  transported 
calcareous  mud  best  fit  all  the  varied  conditions  of  the 
problem. 

The  thanks  of  the  Society  are  due  to  Mr.  C.  R.  Lindsey 
for  the  excellent  photographs  which  illustrate  the  paper. 


Prof.  Boyd  Dawkins  wrote  as  foUowe : — "  I  regret  that 
I  am  unable  to  be  present  when  this  paper  is  opened  for 
discussion,  and  I  therefore  write  to  say  that  I  have  read  it 
with  very  great  pleasure.  The  authors  indeed  have  left 
very  little  to  be  said  on  the  matter.  Their  explanation  of 
the  mottling  of  the  Limestone  is,  in  my  opinion,  wholly- 
satisfactory.  I  have  examined  the  specimens  and  slides  on 
which  their  paper  is  foimded  and  can  testify  to  the  minute 
accuracy  of  the  investigation.  I  am  glad  also  to  add  that 
the  authors  of  the  paper  propose  to  enrich  our  geological 
collection  in  the  Manchester  Museum  with  their  series,  and 
thus  give  an  opportunity  to  members  of  the  Society  and  to 
students  of  examining  the  whole  collection." 

The  Chairman  :  I  rise  to  move  a  vote  of  thanks  to  the 
authors  of  the  paper.  We  are  much  indebted  to  them  for 
the  trouble  they  have  taken  in  coining  here  and  reading  the 
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paper,  and  for  bringing  all  these  specimens  which  have  been 
80  carefully  prepared. 

Mr.  James  Tonge,  jun.  seconded  the  motion  and  it  was 
carried  unanimously. 

Mr.  Dickinson  :  There  are  two  or  three  more  papers  to 
come  on,  and  this  is  rather  a  long  one  to  enter  into  a 
discussion  upon.  Perhaps,  therefore,  it  is  desirable  to  allow 
it  to  stand  over  until  it  has  been  printed,  and  then  members 
will  have  an  opportunity  of  discussing  it. 

Mr.  MiTTON :  I  agree  with  Mr.  Dickinson  that  it  will  be 
best  to  wait  till  we  have  the  paper  in  print. 

Mr.  Holroyd:  I  think  the  suggestion  very  good,  for 
some  of  the  details  of  the  paper  are  so  technical  that 
members,  not  quite  so  familiar  with  this  branch  of  geological 
work  as  they  are  with  others,  will  desire  first  of  all  to  see 
and  read  the  paper  before  making  remarks  on  such  a 
curiously  difficult  and  imattractive  subject.  At  a  recent 
meeting  Professor  Boyd  Dawkins  showed  very  great  interest 
in  a  paper  I  then  read,  and  suggested  that  it  dealt  with  a 
phase  of  our  Society's  work  which  was  much  to  be  com- 
mended. I  may  say  I  have  been  very  much  interested  in 
reading  a  similar  paper  read  recently  and  now  published  in 
the  quarterly  journal  of  the  Geological  Society,  showing 
that  a  similar  kind  of  work  has  been  done  for  the  Cambrian 
Limestone  that  Mr.  Barnes  and  I  have  tried  to  do  in  the 
Mountain  Limestone  of  Derbyshire. 


Mr.  Sebastian  Smith  exhibited  and  described  a  model 
and  drawings  of  his  patent  safety  catches,  or  props  for 
preventing  ill  results  in  cases  of  overwinding: — 
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SAFETY  PROPS  FOR  SUPPORTING  CAGES  IN  THE 
HEADGEAR  IN  CASES  OF  OVERWINDING/ 


Mr.  MiTTON  spoke  of  the  importance  of  this  subject  to  all 
colliery  managers.  Instances  of  overwinding  occurred 
occasionally  and  it  wa»  a  wonder  they  did  not  happen  much 
more  frequently  considering  the  thousands  of  times  the 
cages  were  run  up  and  down,  and  the  rate  at  which  they 
are  run  and  th^t  the  slightest  slip  of  the  man  in  charge  of 
the  engine  sends  the  whole  cage  into  the  head  stocks.  In 
those  cases  they  had  to  rely  on  safety  catches.  These 
catches  had  to  stand  an  enormous  strain  and  there  were 
very  few  collieries  that  had  anything  to  fall  back  on  to 
catch  the  cages.  Realising  the  importance  of  the  question 
he  had  asked  Mr.  Smith  to  let  the  Manchester  Geological 
Society  have  an  opportunity  of  seeing  his  model  and  hearing 
his  description  of  it. 

Mr.  Sebastian  Smith  said  he  was  very  much  obliged 
to  the  Society  for  allowing  him  to  bring  his  model 
for  inspection.  He  had  been  impressed  with  the  risk  of 
trusting  to  the  ordinary  means  for  catching  the  cages  in  the 
event  of  an  overwind  and  considered  that  by  the  plan  he 
had  invented  the  risk  was  entirely  removed,  for  the  falling 
cage  was  thereby  caught  and  held  secure.  By  means  of  the 
model  and  drawings  Mr.  Smith  showed  how  in  a  case  of 
overwinding  a  system  of  catches  was  automatically  brought 
into  action.     Props  constructed  according  to  his  plan  have 


•  See  Part  3,  Vol.  XII.,  Transactions  of  the  Federated  Institution  of 
Mining  Engineers,  for  a  description  of  this  apparatus. 
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been,  he  said,  severely  and  repeatedly  tested  with  heavily- 
loaded  full-sized  cages  and  had  acted  perfectly  each  time. 
The  props  can  be  applied  to  any  existing  head  stocks. 

Mr.  J.  ToNOE,  senr. :  I  have  pleasure  in  moving  a  vot« 
of  thanks  to  Mr.  Sebastian  Smith  for  his  kindness  in 
bringing  this  question  before  us  to-day.  Prom  an 
examination  of  the  model,  and  after  listening  to  Mr.  Smith's 
explanation,  it  seems  to  me  a  very  perfect  appliance 
for  holding  the  cage  in  cases  of  such  untoward  evente  as 
he  has  mentioned.  I  think  Mr.  Smith  has  done  a  great 
service  to  the  mining  community  in  taking  this  matter  up, 
and  that  his  plan  is  a  very  great  improvement  on  the 
arrangements  previously  in  use.  Of  course  we  know  there 
have  been  props  and  hooks  used  before,  but  I  have  not  seen 
any  that  appeared  so  well  adapted  for  the  purpose  as  this 
appliance  of  Mr.  Smith's  is. 

Mr.  Joseph  Dickinson:  I  have  much  pleasure  in 
seconding  the  motion.  I  am  glad  to  have  heard  the 
description  of  this  method  of  arresting  the  cage  in  the 
event  of  overwinding  from  Mr.  Smith,  who  is  well-known 
as  having  done  his  utmost  to  lesson  the  number  and  gravity 
of  accidents  in  mines  in  various  ways;  but  not  having 
examined  the  apparatus  closely  it  is  very  difficult  to  say  in 
what  respect  it  differs  entirely  from  previous  inventions. 
In  my  official  report,  as  Her  Majesty's  Inspector  of  Mines, 
for  the  year  1879,  when  115  disconnecting  apparatus  of 
various  kinds  were  daily  at  work  in  the  North  and  East 
Lancashire  district,  I  gave  a  description  of  such  of  these 
inventions  as  I  knew  at  that  time,  and  I  am  not  prepared 
to  say  how  far  this  differs  from  one  which  I  think  was 
applied  by  the  late  Mr.  Bryham,  of  Wigan.  This  invention 
was  to  disconnect  the  cage  and  allow  it  to  drop  on  to  catches. 
There  was  also  another  plan,  in  which  the  conductors  at  the 
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top  portion  approaching  the  pulley  came  sufficiently  near  to 
each  other  to  wedge  the  cage  between  them.  But  one  is 
always  glad  to  see  ingenious  minds  turning  attention  to  the 
question  of  how  to  lesson  the  accidents  in  mines.  Much 
has  been  done  in  this  direction,  but  still  one  may  hope  that 
others  will  continue  the  good  work. 

The  motion  was  carried  unanimously. 

Mr.  Sebastian  Smith  :  I  thank  you  very  much  for  your 
vote  of  thanks.  If  I  may  be  allowed  to  say  one  word  in 
reference  to  what  Mr.  Dickinson  has  said,  I  think  the 
previous  inventions  provided  props  which  hung  out  so  as  to 
be  ready  to  catch  the  cage  and  it  was  a  dead  blow  on  the 
props,  and  I  am  afraid  in  those  cases  the  blow  would  often  be 
so  great  as  to  damage  the  head  gear,  whereas  by  my  plan  the 
cage  is  first  caught  between  two  wedges,  so  that  there  is  no 
sudden  hard  shock,  and  there  is  no  danger  to  the  head  gear. 

Mr.  Dickinson  :  The  lessening  of  the  blow  is  certainly 
an  important  factor  in  cases  of  this  kind  where  the  force  is 
something  amazing.  I  remember  many  years  ago  at  the 
Astley  Pit,  Dukinfield,  a  case  of  overwinding  occurred  when 
the  counterbalance  was  disconnected  for  repairs ;  the  cage 
shot  up,  passed  the  pulley,  swimg  roimd  at  the  end  of  the 
rope  over  the  engine  house,  and  fell  into  a  reservoir  at  the 
back. 


The  following  paper,  "  On  the  Makum  Coalfield,  Assam, 
with  descriptions  of  the  Collieries  at  present  worked  by 
the  Assam  Railway  and  Trading  Co.,  Ltd.,"  was  read  by 
Mr.  Georoe  E.  Harris: — 
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ON    THE   MAKUM    COALFIELD,    ASSAM. 

With  descriptions  of  the   Collieries  at  present  worked  by  the 
Assam  Railways  and  Trading  Company^  Ltd. 

By  Mr.  Geo,  E.  Harris,  M.E. 


Although  coal  of  superior  quality  has  been  known  to  exist 
in  Assam  for  many  years,  it  is  only  recently  that  steps 
have  been  taken  on  a  large  scale  to  open  out  and  develop 
any  of  the  known  coalfields. 

One  of  the  earliest  records,  if  not  the  first,  of  Assam  Coal 
was  made  by  Lieutenant  Wilcox,  in  1825,  but  this  was  of 
coal  outcropping  near  the  Desang  River,  some  considerable 
distance  from  the  Makum  Field.  This  record,  however, 
does  not  state  the  exact  locality  in  which  it  was  found,  or 
give  any  particulars  as  to  its  mode  of  occurrence.  Sub- 
sequent discoveries  were  made  of  coals  outcropping  in  the 
rivers  and  hills,  and  about  the  year  1840,  a  small  quantity 
of  coal  was  quarried  by  the  Assam  Tea  Company,  near 
Jaipur,  20  miles  south  west  of  Makum.  Small  quantities  of 
coal  were  apparently  also  raised  in  Makum  about  the  same 
period,  but  little  or  no  mention  of  the  Makum  Field  was 
made  until  the  year  1865,  when  Mr.  Medlicott  of  the 
Geological  Survey  of  India  was  deputed  to  examine  and 
report  on  the  Assam  Coalfields  generally.  Although  several 
fields  are  mentioned  by  him  as  being  more  advantageously 
situated,  *.«.,  closer  to  the  rivers,  than  Makum  (the  rivers  in 
those  days  being  the  only  means  of  convejrance),  yet,  he 
reported  "  these  advantages  are  outweighed  by  the  superiority 
of  the  Makum  Coal,"  which  he  considered  to  be  the  Coalfield 
of 


»  Memoirs,  Geological  Survey  of  India,  Vol.  IV.,  p.  396. 
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Subsequently  small  quantities  of  coal  were  quarried  in  the 
Makum  Field,  near  the  Tirap  river,  which  runs  into  the 
Dehing,  but  owing  to  the  difficulties  of  transport  nothing 
was  extensively  done.  This  will  be  easily  understood,  for, 
at  this  period,  railways  and  tramways  were  unknown  in 
Assam,  and  some  of  the  rivers  which  empty  themselves  into 
the  Brahmaputra  are  navigable  only  during  the  rains,  or  for 
about  seven  months  of  the  year. 

In  1874  and  1875,  at  the  request  of  the  Assam  Govern- 
ment, Mr.  F.  R.  Mallet,  of  the  Geological  Survey  of  India, 
made  an  examination  of  the  Assam  Coalfields.  The  Survey 
was  made  under  great  difficulties,  the  hills  being  covered 
with  dense  jungle,  and  owing  to  the  unfriendly  attitude  of 
the  hill  tribes  (Nagas),  the  party  had  to  be  provided  with  an 
armed  escort  of  Frontier  Police.  This  report  which  is  very 
interesting  and  exhaustive,  was  afterwards  published  by  the 
Government.*  He  gives  a  full  description  of  the  coal 
measures,  which  consist  of  alternating  sandstones,  coal  and 
shales.  The  age  is  probably  nummulitic.  In  the  area 
under  consideration,  there  is  practically  no  limestone  or  iron- 
stone, small  nodules  of  the  latter  being  very  rarely  met  with. 
Fossiliferous  foliage  is  often  seen  in  some  of  the  coals  and 
clays.  From  the  description  of  the  coal  seams  given  further 
on,  it  will  be  noticed  that  the  "  opening  out  '*  of  the  Collieries 
has  proved  seams  of  much  greater  thicknesses  than  were 
indicated  by  the  outcrops.  A  peculiarity,  frequently  seen, 
at  various  points  of  the  outcrops,  is  —  coke  and  burnt 
earth.  In  the  Tikak  Colliery,  hereafter  described,  about 
one  mile  in-bye  from  the  mine  entrance,  the  upper 
level  driven  against  the  outcrop  (which  is  nearly  1000 
feet  above  the  plain),  passed  through  some  yards  of 
coke. 

*  Memoin,  Geological  Survey  of  India,  on  the  Coalfields  of  Nagas  Hill. 
F.  R.  Mallet,  Vol.  XH.,  p.  269. 
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Faults. — With  the  exception  of  a  trough  fault  met  with 
at  Ledo,  the  seams  are,  on  the  whole,  free  from  faults,  a 
few  rolls  or  swells  being  occasionally  met  with,  but  they  are 
of  no  moment  and  cause  little  trouble.  The  strike  of  the 
seams  follows  the  trend  of  the  hills,  and  on  the  whole  is 
fairly  uniform. 

Oonceasian,  Situation,  Physical  Features,  Sfc. — Nothing  was 
extensively  done  in  Makum  until  the  advent  of  the  Assam 
Railways  and  Trading  Co.,  Ltd.,  which,  in  1881,  was  formed 
in  London,  to  make  a  Railway  about  70  miles  long  from 
Dibrugarh,  an  important  town  on  the  Brahmaputra,  to  tap 
the  Makum  Field.  A  Concession  of  30  square  miles  was 
granted,  to  explore  in,  and  open  out  the  coalfield:  which 
included  the  working  of  the  oil,  (known  to  exist  since  the 
time  that  coal  was  discovered)  brickworks,  sawmills,  &c.  The 
railway,  which  is  metre  gauge,  commences  at  the  Steamer 
Ghat,  Dibrugarh,  and  runs  to  Makum  Junction,  a  distance 
of  39  miles.  Here  it  branches  off  in  two  directions,  one 
branch  of  16  miles  going  to  Talup,  connecting  with  extensive 
tea  gardens,  and  the  other  branch  going  to  Margherita,  a 
distance  of  23  miles.  The  track  for  15  miles,  until  Digboi 
is  reached,  is  through  virgin  forest.  Margherita  was  the 
first  clearance  and  settlement  which  the  Company 
originally  made  in  the  vast  stretch  of  forest  in  which 
the  Makum  coalfield  lies,  and  is  situated  on  the  Dehing 
river,  about  two  miles  east  of  Makum  fort,  and  62 
miles  from  Dibrugarh  by  the  railway.  It  is  practically 
the  centre  of  the  industries  of  the  Assam  Railway  and 
Trading  Co.  Eight  miles  north  of  Margherita  is  the 
Company's  oil  territory  at  Digboi,  and  two  miles  south 
is  the  Makum  territory.  Adjoining  the  station  are  the 
Company's  large  sawmills,  colliery  workshops,  and  refinery; 
4^  and  6^  miles  east  of  Margherita  are  the  Tikak  and  Ledo 
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Collieries  and  Brickworks,  and  south  east  lies  the  Namdang 
CoUiery. 

The  Collieries  are  situated  in  the  first  spur  of  the  Naga 
hills,  in  the  Lakhimpur  district.  A  good  deal  of  coal  and 
coke  is  sold  locally,  but  the  bulk  is  shipped  at  Dibrugarh, 
supplying  the  river  steamers,  and  tea  gardens  on  the 
Bramaputra.  Some  coal  is  also  supplied  in  Calcutta  to  ocean 
going  steamers.  The  Company's  railway  is  the  only  one  at 
present  connected  with  the  Collieries,  but  the  Assam  Bengal 
Kailway  is  likely  to  be  connected  shortly,  and  will  undoub- 
tedly afford  a  new  outlet  for  Makum  Coal.  Except  where 
tea  garden  clearances  have  been  made,  the  surrounding 
country  is  a  dense  forest  and  jungle.  The  south  surface  of 
the  coalfield  is  undulating,  the  hills  and  valleys  with  numerous 
mountain  streams  forming  a  very  picturesque  countr5^  The 
highest  point  at  which  coal  is  extracted  is  about  1,000  feet 
above  the  plain.  In  the  immediate  background  are  the 
Patkoi  mountains,  which  enclose  a  pleasing  panoramic  view. 
On  clear  days,  in  the  opposite  direction,  may  be  had  an 
extensive  view  of  miles  of  forest,  interspersed  with  winding 
rivers.  There  are  a  few  Naga  villages  on  the  hills  near  the 
Collieries.  Previously  the  Naga  population  was  numerous, 
but  on  the  advent  of  the  railway,  a  large  portion  of  the 
population  cleared  away  into  the  interior.  The  inhabitants 
of  the  immediate  surrounding  villages  are  friendlies,  and 
more  or  less  civilized.  They  are,  as  a  race,  incorrigibly  lazy, 
having  no  industry  of  any  kind.  They  cultivate,  as  a  rule, 
sufficient  grain  for  their  own  consumption.  They  are  a 
hardy  and  strong  race  of  people,  but  they  do  not  care 
for  work,  and  nothing  will  induce  them  to  commence 
mining,  consequently  all  labour  has  to  be  imported.  A  few 
of  the  local  Nagas,  who  are  more  civilized  than  the  rest, 
occasionally  do  jungle  clearing.  They  are  adepts  at  this 
work,  and  their  services  are  gladly  employed  by  Companies 
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who  require  heavj^  jungle  clearanoes.  The  Assam  Railways 
and  Trading  Company  have  made  four  clearanoes  and 
settlements,  near  the  mines,  viz.,  Margherita,  Tikak,  Ledo, 
and  Namdang. 

Tikak  settlement,  which  is  the  highest  point  of  the  out- 
crop, is  750  feet  above  the  plain.  There  are  about  500 
coolie  miners  at  Tikak.  At  Ledo  the  coolie  houses  are  built, 
some  of  brickwork,  others  on  iron  rail  posts,  and  some  have 
brick  pillars  only,  with  bamboo  sides  and  thatched  roofs. 
The  settlement  is  well  drained  by  a  small  river,  the  Ledo, 
from  which  the  name  is  taken.  There  are  about  1,200 
coolie  colliers  in  Ledo  at  present.  In  addition  to  these  there 
are  the  brick  and  pipe  works  people,  as  well  as  others  who 
are  employed  on  miscellaneous  works — the  total  population 
being  about  2,000. 

Namdang  is  the  newest  clearance  and  settlement  made  by 
the  Company  for  their  Colliery  at  Namdang,  the  first  coal 
being  sent  away  in  1897.  There  are  at  present  about  400 
coolie  miners  here.  The  houses  are  placed  on  a  hill  some 
250  feet  above  the  mine  entrance,  and  are  much  the  same  as 
those  already  described. 

Collieries  have  been  opened  out  east  and  west  of  the  rivers 
Ledo,  Tikak,  and  Namdang,  and  proved  the  existence  of 
coal  seams  much  thicker  than  were  originally  believed  to  be. 
The  Ledo  Collieries  have  been  driven  out  nearly  a  mile, 
Tikak  Colliery  more  than  a  mile,  and  the  new  Colliery  at 
Namdang  more  than  half  a  mile.  With  the  exception  of  a 
seam  of  coal  8ft.  thick,  which  has  been  worked  at  Upper 
Ledo  Colliery  owing  to  the  erosion  of  the  thick  seam,  the 
only  coal  worked  at  present  is  that  known  as  the  thick  seam. 
This  valuable  seam  is  in  reality  made  up  of  three  or  four 
scams,  aggregating  about  50  feet  thick,  and  known  as  the 
top,  middle,  and  bottom  coals.  The  following  is  an  average 
section  of  this  seam  : — 


( 
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Dip  19"  S.E. 

Roof.     Dark  Clunck. 

Ft.    In. 

(  Coal      6     0 

Top  Coal,      j  Shdy  Clay       2    6 

VCoal      90 

Clay 3     6 

(Coal      3     0 

Middle  Coal.     Clay 0     6 

•Coal      8     0 

Clay 3    0 

CCoal      20 

Clay 0     3 

BottomCoal.  (  Coal      4     0 

Clay 0    3 

Coal      18    0 

Floor.     Clay       — 

The  bottom  coal  has  been  found  to  be  most  iiniiorm  in 
thickness ;  in  some  places,  the  middle  and  top  coals  being 
eroded,  and  in  others,  where  the  top  coal  is  found  to  be  thin, 
the  middle  coal  is  generally  found  to  thicken  and  vice  versa. 
At  Namdang,  the  coals  are  rather  thicker  than  those  at  Ledo. 

The  following  section  is  taken  at  200  yards  in-bye  from  the 

mine  entrance : — 

Dip  45"  S.E. 

Ft.    In. 

Coal 22  0 

Clay         3  6 

Coal 10  0 

Fireclay 2  0 

Coal 4  0 

Fireclay 10  6 

Coal 16  0 

Fireclay 4  6 

Coal 14  0 

Fireclay 7  0 

Coal 13  6 
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The  section  of  coal  at  Namdang  taken  south  of  the  thick 
seam  and  at  present  unworked  is  as  follows  : — 

Dip  76«  N.W. 

Ft.    In. 
Coal 13     6 

Shaly  Clay 15 

Coal 2     4 

Shaly  Clay      4     3 

Coal     .  / 12     9 

Clay         1  11 

Coal 25     0 

Shaly  Clay      6     6 

Coal 6     6 

aay         3     0 

Rock — 

The  dip  is  the  reverse  of  the  other,  and  very  steep,  viz., 
76**,  The  seams  correspond  with  those  of  the  thick  seam  and 
indicate  either  very  sharp  faulting  or  folding.  In  addition 
to  the  thick  seam,  already  described,  there  are  in  the  thicker 
portions  of  the  hill  several  small  seams,  varying  from  2  to 
6  feet  thick,  the  aggregate  being  about  30  feet.  The  distance 
between  the  Tirap  and  Namdang  is  nearly  six  miles,  and  the 
obtainable  breadth  above  water  level  about  400  yards.  The 
average  thickness  being  about  80  feet,  gives  a  total  of 
90  miUion  tons.  Deducting  2  J  million  tons  already  extracted, 
and  allowing  one-half  for  loss  in  working,  there  remains  an 
available  quantity  of  over  40  million  tons  to  bo  gotten,  and 
all  above  water  level. 

Some  of  the  fireclay  is  supplied  to  the  Company's  brick 
and  pipe  works. 

The  coal  is  an  excellent  steam  coal,  and  imdoubtedly  the 
beet  foimd  in  India,  its  calorific  value  being  considerably 
higher  than  any  other  known  Indian  coal.  It  cokes  freely, 
the  coke  being  of  excellent  quality.     The  analysis  of  the 
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outcrop    coals  made  by  the   Geological  Survey  of    India 

averaged : — 

Fixed  Carbon        605 

Volatile  matter 34*8 

Ash        2-2 

Water        2o 

1000 

After  mining  operations  had  been  commenced,  a  further 
analysis  was  made  of  the  coal  taken  from  inside  the  mine, 
the  residts  being : — 

cK..      Hydrogen.    %l^^  Sulphur.        Ash.  Water. 

75-70   . .  6-04  . .  13-11  .  .  1-39  . .  1-12  . .  2-64 

Gas  per  ton 10*900  cubic  feet. 

lUxmiinating  power  ....  17*2  Sperm  candles. 

Coke      11  cwt.  to  the  ton. 

It  will  be  seen  from  the  above,  that  Makum  coal  compares 
very  favourably  with  best  English  coals. 

The  seams  are  highly  inclined,  those  at  Tikak  and  Ledo 
being  about  1  in  3  (19''),  dipping  south  east.  At  Namdang 
the  seams  are  very  steep,  viz.,  45^.  A  peculiar  feature  of 
the  coal  is  its  fineness  when  extracted.  In  the  "  whole  "  it 
is  fairly  hard  and  compact,  the  roadways  standing  well,  little 
timbering  as  a  rule  being  necessary  if  the  roads  are  not  made 
more  than  about  6  feet  square,  but  in  the  broken  a  large 
portion  of  it  breaks  up  into  very  small  pieces,  resembling 
fine  slack.  Owing  to  its  cleanness  and  excellent  coking 
qualities  this  is  not  of  much  consequence.  It,  however, 
causes  a  good  deal  of  anxiety  in  mining,  as  fires  from  spon- 
taneous combustion  are  very  frequent.  In  addition  to  the 
coal  seams  already  described,  there  is,  in  the  plain,  about  half 
a  mile  north  of  the  outcrops  in  the  spur  of  the  IuIIb,  another 
outcrop  of  the  thick  seam.     The  inclination  is  45"",  but  the 
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direction  is  N.  W.  or  the  reverse  of  the  other  seams.  Between 
these  outcrops  is  half  a  mile  of  undulating  barren  ground, 
the  break  being  an  anticlinal  fault,  which  can  be  traced  along 
the  foot  of  the  hills  for  some  miles.  A  good  deal  of  the  out- 
CTop  of  this  latter  seam  was  quarried  by  the  Company  from 
1884  to  1886,  a  thickness  of  40  feet  having  been  proved. 
Owing  to  water  in  these  workings  they  were  abandoned, 
directly  the  Collieries  in  the  hills  had  been  opened.  This 
fleam,  no  doubt,  will  be  worked  in  the  distant  future.  Inclines 
and  shafts  will  have  to  be  made,  the  working  cost  being 
j^reatly  enhanced  by  the  addition  of  large  pumping  plants 
which  will  be  inevitable  owing  to  large  quantities  of  water 
that  will  be  met  with  in  dip  workings. 

Description  of  the  Collieries,  Systems  of  Working, 
Notes  on  the  Labour,  &c. 

Ledo  Valley  Colliery  (Eaat). — At  this  Colliery  the  coal 
outcrops  are  seen  in  the  bed  of  the  river  Ledo  and  in  the 
rocks  on  each  side  of  the  river.  The  coals  on  each  side  of 
the  river  are  similar  in  thickness,  inclination,  and  their 
respective  properties,  and  it  is  evident  that  at  one  time  they 
were  continuous,  but  they  are  now  divided  by  the  valley 
formed  by  the  river  Ledo.  The  main  hauling  road  enters 
the  coal  at  the  lowest  water  level,  t.^.,  some  12  feet  above 
the  Ledo  river  bed — ^which  is  clear  of  the  highest  flood 
level,  and  is  driven  along  the  line  of  strike  for  nearly  a 
mile.  Thirty  yards  to  the  crop  the  return  aircourse  is 
driven  parallel  to  the  main  hauling  road,  thirls  connecting 
them  at  distances  of  40  yards.  Brake  roads  are  driven 
up  from  the  main  hauling  road  slightly  to  the  slant  (to 
avoid  steep  hills),  at  various  distances  in-bye,  and  roads 
similar  to  the  main  roads  are  driven  out  from  the  top  of 
the  inclines  to  fixed  boundaries,  and  the  coal  extracted. 
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Veniilaiion. — ^The  Colliery  is  ventilated  by  a  10  feet 
diameter  improved  Schiole  fan,  open  running,  coupled  direct* 
The  engine  cylinder  is  9  in.  x  12  in.  Steam  is  generated  in 
Lancashire  and  Cornish  boilers.  Firedamp  is  met  with  in 
this  Colliery  and  safety  lamps  of  the  bonnetted  Clanny  type 
are  used.  They  are  fitted  with  patent  burners  for  the  use  of 
kerosine  oil. 

Haulage. — ^This  is  effected  by  means  of  self-acting  inclines 
and  on  the  levels  by  ponies.  A  little  tramming  is  done  by 
coolies,  but  for  short  distances  only,  e.g.,  attaching  tubs  to 
ropes,  or  moving  them  to  and  from  the  working  places  to 
the  main  hauling  roads. 

Ledo  Valley  Colliery  ffFestJ. — On  the  west  side  of  the 
river  Ledo,  entering  the  coal  immediately  on  the  side  of  the 
river,  a  little  above  water  level,  another  Colliery  has  been 
opened  out.  It  is  now  out  nearly  a  mile.  The  breadth  of 
the  mine  is  about  300  yards,  its  upper  boundary  being  Upper 
Ledo  Colliery. 

Ventilation. — ^This  Colliery  is  ventilated  by  a  Walker's 
Indestructible  Fan,  fitted  with  their  anti- vibration  shutter. 
The  Fan  is  8  feet  diameter,  with  double  inlets  and  an  iron 
casing,  the  air  being  discharged  into  an  expanding  chimney. 
It  is  driven  by  a  belt  from  an  engine,  the  ratio  of  fly-wheel 
to  the  driven  wheel  being  2|  to  1.  Steam  is  generated  in  a 
20-h.p.  boiler  of  the  Locomotive  type.  Gas  has  been  found 
in  the  upper  seams  of  this  mine  only.  Safety  lamps,  of  the 
kind  already  described,  are  in  use  in  these  seams.  A  16-h.p. 
vertical  boiler  is  kept  in  reserve. 

Haulage. — ^The  systems  of  haulage  are  main  and  tail  Rope, 
self-acting  inclines,  and  ponies.  The  main  and  taU  rope 
works  1,000  yards  of  the  main  hauling  road.  The  engines 
are  by  Wood  and  Gee,  of  Wigan.     They  are  self-contained,. 
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the  drums  being  on  the  same  shaft.     The  hauling  ropes  are 
J  in.  diameter,  and  are  made  of  plough  steel. 

The  loading  wharf  is  situated  half  a  mile  from  the  Colliery 
entrance.  A  tramway,  2  feet  gauge,  connects  the  wharf 
with  the  Collieries,  the  coals  being  hauled  by  small  locomo- 
tives, with  cylinders  5\m.  diameter  x  11  in.  stroke.  The 
weight  of  each  locomotive  when  loaded  is  about  five 
tons. 

Upper  Ledo  Colliery, — ^This  Colliery  is  situated  at  a  higher 
level  than  Ledo  Valley  West  Mine.  At  a  distance  of  half  a 
mile  in-bye  a  trough  fault  was  met  with,  the  thick  seam  being 
entirely  eroded.  This  seam,  which  is  50  feet  thick  at  the 
mine  entrance,  diminishes  to  30  feet  thick  as  it  approaches 
the  fault.  The  fault  has  been  crossed  and  the  full  thickness 
of  the  seam,  viz.,  50  feet,  found  at  a  distance  of  100 
yards. 

Ventilation, — ^This  is  effected  by  a  small  fan  of  the  Schiele 
type,  double  inlet,  with  spiral  casing. 

Lighting. — ^Naked  lights  are  used  throughout  this  mine, — 
except  for  inspection  before  commencing  work. 

Haulage, — Main  and  Tail  Rope,  which  works  a  thousand 
yards  of  the  main  road,  self-acting  inclines  and  ponies.  The 
haulage  engines  and  ropes  are  similar  to  those  already 
described.  The  entrance  to  the  mine  is  situated  about  140 
yards  above  the  loading  wharf,  the  coal  being  lowered  by  a 
series  of  self-acting  inclines. 

Tikak  Colliery. — ^This  mine,  which  is  situated  750  feet 
above  the  plain,  is  approached  by  two  inclines,  the  lower  one 
330  yards  long,  and  the  upper  one  590  yards  long.  The 
Colliery  has  been  driven  out  over  a  mile,  and  is  free  from 
faults. 
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Ventilation. — ^This  is  caused  by  a  Schiele  fan,  open  running, 
10  feet  diameter,  coupled  direct  to  the  engine.  Steam  is 
generated  in  boilers  of  the  vertical  type. 

Haulage, — This  is  done  entirely  by  self-acting  inclines  and 
ponies.  The  wharf  is  situated  about  a  mile  from  the  mine 
entrance,  the  coal  being  hauled  by  small  locomotives,  and  led 
on  to  the  wharf  by  the  two  inclines  already  described. 

Namdang  Colliery. — ^This  Colliery  has  only  recently  been 
opened,  and  the  headings  are  at  present  driven  out  a 
little  more  than  half  a  mile.  The  loading  wharf  is 
situated  a  mile  from  the  entrance,  the  coal  being  hauled 
by  small  locomotives. 

Temporary  ventilation  is  caused  by  a  small  furnace  built 
on  the  side  of  the  hill,  but  a  fan  is  in  course  of  erection.  It 
is  one  of  "Walker's  Indestructible  type,  10  feet  diameter, 
double  inlet,  and  fitted  with  their  anti- vibration  shutter,  and 
driven  by  cotton  ropes  from  duplicate  engines,  fitted  with 
condensers.  The  driving  and  driven  wheels  are  12  feet,  and 
6  feet  diameter  respectively.  Steam  will  be  generated  in 
Lancashire  boilers. 

Coke-Plant. — ^A  small  coke  plant  is  at  work  at  this  Colliery. 
There  is  no  screening  of  the  coal,  the  small  and  large  coal  as 
filled  underground  all  passing  through  a  Devil  disintegrator, 
which  crushes  the  bigger  lumps  to  a  uniform  size.  After 
crushing,  it  is  washed  in  an  Elliot  Machine.  Coke  ovens  of 
the  bee-hive  type  are  in  use.  They  are  8  feet  diameter  placed 
back  to  back,  with  flue  between.  At  present  the  demand  for 
coke  is  small.  The  coke  is  of  excellent  quality,  and  as  this 
becomes  better  known,  the  demand  will  undoubtedly  increase. 
At  present  it  is  ujsed  in  the  Company's  Railway  Foundry, 
and  on  tea  estates,  where  certain  kinds  of  tea  drying  machines 
are  adapted  for  the  use  of  coke. 
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Tfamwat/H. — ^The  tramways  at  all  the  Collieries,  both 
imderground  and  on  the  surEaoe  are  2  feet  gauge,  rails  221bs. 
per  yard,  being  exclusively  in  use  underground.  Where 
Locomotives  are  employed  on  the  surface  disused  main  line 
rails  41 J  lbs.  per  yard  are  in  use. 

Tubs.— The  tubs  are  of  iron  4ft.  6in.  X  3ft.  X  2ft.,  with 
Hadfield's  steel  wheels  12  in.  diameter  &6t  on  axles,  1|  in. 
diameter.  The  side  and  end  plates  are  ^  in.  thick,  the 
bottom  one  tV  in.  Loose  couplings  are  in  use.  The  tuba 
hold  about  12  cwts. 

Rop€9. — Steel  ropes  f  in.  dia.  are  exclusively  used,  with 
the  exception  of  the  big  incline  rope  at  Tikak,  which  is  1  in. 
diameter. 

Lighting. — Safety  lamps  of  the  bonnetted  Clanny  type, 
fitted  with  patent  burners  for  kerosine  are  used  in  the 
collieries  where  gas  is  met  with.  For  the  inspection,  before 
commencing  work,  bonnetted  Marsaut  lamps  are  used.  In 
all  other  places,  naked  lights  are  used.  They  are  wax 
candles,  and  small  tin  lamps  (battis) ;  these  lamps  hold 
about  3  oz.  of  kerosine.  Both  candles  and  kerosine  are 
manufactured  at  the  company's  refinery,  and  are  supplied 
free  to  the  miners. 

PlateUiying. — ^This  is  done  by  coolie  platelayers,  who  do 
their  work  veiy  creditably. 

StfBtem  of  Working. — One  of  the  special  features  of  this 
coalfield  is  that  dip  workings,  at  any  rate  for  a  good  many 
years,  are  unnecessary,  and  although  the  mines  give  off 
large  quantities  of  water,  still  all  workings  being  to  the  rise, 
and  the  drainage  natural,  pumping  is  not  required.  This 
is  a  very  considerable  saving  in  the  working  economy  of  the 
collieries.  The  seams  being  the  same  at  each  colliery,  the 
systems  of  working  in  vogue  axe  analagous.    In  the  working 
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of  the  coal  in  the  "broken"  (openings),  various  modifications 
have  been  found  necessary  owing  to  local  conditions,  e.g.y 
little  overburden  or  cover  (which  varies  from  a  few  feet  to 
several  hundred  feet),  great  thickness  of  the  seams,  with 
practically  no  sound  roof,  and  the  liability  of  the  coal  to 
spontaneous  combustion.  It  will  be  understood  that  these 
cause  much  anxiety,  ani  the  strictest  care  has  to  be  exercised 
in  the  working.  The  system  adopted  is  square  or  panel 
work,  something  similar  to  the  system  employed  in  the 
South  Staffordshire  thick  coal.  The  modua  operandi  is  to 
drive  out  on  the  thil  of  the  bottom  coal,  two  main  roads, 
6  feet  square,  and  about  30  yards  apart,  on  the  strike  of  the 
seam.  The  lower  of  these  roads  serves  as  the  main  intake, 
and  also  main  haulage  road  or  gateway.  The  upper  road  is 
the  return  air  course  or  outtake.  The  roads  are  connected  by 
thirls  at  about  every  40  yards.  From  the  main  levels,  brake- 
hills  or  inclines  are  driven,  slightly  across  the  dip  of  the 
seam  (to  avoid  steep  hills)  to  a  safe  distance  above  the  main 
return  aircourse.  From  the  top  of  these  brake  hills,  roads 
are  driven  out  similar  and  parallel  to  the  lower  main  roads, 
to  a  fixed  boundary.  The  measures  are  then  crossed  into 
the  top  coal,  which  is  first  extracted  in  the  following 
manner : — 

"  Sides  of  "Work "  are  formed  usually  about  40  yards 
(See  Plan),  which  are  subsequently  divided  into  smaller 
sides.  The  side  is  then  cross-cut  and  subdivided  into  pillars 
in  all  directions.  There  is  no  holing  or  kerving.  The  first 
row  of  pillars  or  knobs  is  then  paned  off,  until  the  pillars 
are  about  2  yards  square.  Before  the  pillars  are  reduced, 
the  coal  is  cut  up  usually  on  three  sides,  against  the  ribs,  to 
a  height  of  from  12  to  16  feet.  The  first  row  of  pillars  is 
then  taken  out.  If  the  overhanging  coal  does  not  then 
drop  by  its  own  weight,  the  operation  is  repeated  in  the 
next  row  of  pillars.     Generally  the  overhanging  coal  falls 
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after  the  second  row  of  pillars  is  taken  out,  if  not  the  roof 
coal  is  blasted  down.  After  the  openings  (sides  and  roof) 
have  been  examined  and  any  loose  or  dangerous  pieces 
made  safe,  the  coal  is  filled  out  as  rapidly  as  possible.  The 
operation  is  repeated  in  the  next  "  side  **  until  the  "  shut  " 
or  "waste "  beoomes  large,  or  "  firestink "  is  perceived. 
The  whole  "  aide  of  work  "  is  then  dammed  off  by  means  of 
masonry  and  sand  stoppings  in  the  main  roads,  a  protecting 
rib  of  solid  coal  being  left  against  the  deads.  For  extracting 
the  pillars  prickers  and  hunters  about  12  feet  long  are  u^ed. 
The  coal  is  filled  into  the  tubs  by  men  and  women,  shovels, 
kodalis  and  baskets  being  used.  After  a  certain  area  in  the 
upper  seam  has  been  extracted,  the  same  operations  are 
repeated  in  the  bottom  coal,  a  portion  of  the  middle  scam 
being  gotten  with  the  bottom  seam,  the  upper  portion  of  the 
middle  coal  forming  a  protection  against  the  upper  coal 
workings.  If  the  top  coal  breaks  through  a  fire  invariably 
occurs,  and  the  "side"  has  to  be  abandoned.  All  the 
"  driving  "  and  "  getting"  is  done  by  men.  Each  "opening" 
is  in  the  charge  of  a  "Sirdar"  or  chargeman,  who  has  had 
considerable  experience  of  the  work.  "  Chocks"  or  "Cogs" 
are  seldom  used.  The  timbering  is  done  by  a  separate  gang 
of  timbermen  kept  specially  for  the  purpose.  Timber  is 
obtained  from  the  forest  around  the  mines.  English  firemen 
exercise  daily  supervision  of  the  collieries.  Dynamite  is  the 
explosive  used  in  driving  rock  tunnels. 

In  1885  the  output  of  coal  was  43,000  tons;  1890, 
145,700 ;  1895,  173,500 ;  1899,  228,000  tons,  giving  an 
average  of  about  lOcwt.  per  person  employed,  including 
surface  and  underground,  daily.  This  is  higher  than  the 
average  of  most  Indian  Collieries. 

Labour, — ^Undoubtedly  the  great  drawback  to  enterprise 
in  Assam  is  the  scarcity  of  labour,  the  Colony  being  very 
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sparsely  populated.  Local  labour  is  not  obtainable^  and  it  is 
therefore  necessary  to  import  coolies  from  the  congested 
districts  of  Bengal,  &c.  The  want  of  labour  in  Assam  is 
seriously  felt  by  all  industries,  and  is,  in  most  cases,  a  Tery 
expensive  item  in  their  working  economy.  More  especially 
is  this  felt  in  coal  mining,  the  conditions  of  work  being  so 
totally  different  to  most  kinds  of  work.  The  coolies  being 
-essentially  agriculturists,  they  do  not,  as  a  rule,  at  first 
take  kindly  to  colliery  work.  This  is  readily  understood 
under  the  circumstances. 

In  England  and  on  the  Continent  the  collier  commences 
work  when  quite  a  boy,  and  gradually  gets  initiated  into 
the  various  operations  underground.  In  Assam,  the  collier 
has  to  be  imported,  and  put  to  work  to  which  he  has 
never  been  accustomed.  The  average  age  of  the  imported 
CDolie  is  from  18  to  25  years,  and  to  have  to  commence  using 
a  pick  at  this  age,  goes  against  the  grain.  Some  of  the 
CDolies  take  kindly  to  the  work,  and,  as  a  rule,  when  once 
accustomed  to  it,  make  very  good  miners.  Various  castes 
are  miported.  Sonthals,  Moondas,  Ooraons,  Kols,  and 
Bowries  make  the  bsst  colliers,  but  good  miners  are  also 
found  in  other  castes.  The  castes  mentioned  are  hardy  and 
strong,  and  stand  the  varying  climate  uncommonly  well. 
They  are  well  paid,  although  the  wages  to  a  European  would 
soem  very  low, — ^but  in  addition,  the  coolie  has  to  be  found 
house  accommodation,  and  medical  attendance,  and  partly 
fed  and  clothed  by  the  employer  (by  no  means  a  small 
item  in  the  working  cost  of  an  enterprise).  This  is  not 
compulsory  in  other  Indian  coalfields.  In  Assam,  the 
labourers  are  imported  under  an  agreement,  binding  them 
to  work  a  certain  period.  This  is  rather  trying  to  the 
lethargic  Indian  coolie.  "Wages  are  paid  monthly,  the 
rates  being: — 
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Sirdars  or  chargeinen 14  to  18 

Coal  cutters  and  opening  mon.  ...  8   „    13 

Fillers 7   „     9 

Timbennen        8   „    14 

Brakemen  and  rope  followers      .  .  8   „    12 

Engine  drivers  and  boiler  attendants  12   „    16 

Banksmen  or  wharf  men      .  .      .  .  8   „    10 

Platelayers        8   „    13 

Pony  drivers 7   „      9 

AVomen     ; 6,  7  &  8 

Boys       5   „     6 

(The  present  value  of  the  rupee  is  about  Is.  4d.) 

It  is  a  great  pity  that  the  local  labourers  (Nagas  and 
Assamese)  won't  attempt  mining,  as  they  would  be  able  to 
earn  good  wages.  Higher  rates  of  pay  could  be  given  to 
local  labourers  than  those  paid  to  imported  labour,  as  the 
cost  of  importation,  which  is  a  considerable  amoimt,  could  be 
added  to  their  pay. 

Good  wages  and  an  improved  condition  of  the  locality,., 
should  be  an  inducement  to  labourers  to  settle  near  the 
mines. 

Workshops. — The  Colliery  Workshops  are  well  equipped 
with  appliances  and  tools  necessary  for  the  carrying  out  of 
repairs  entailed  by  the  mechanical  arrangement  of  the 
collieries.  They  contain  three  lathes,  two  large  drilling 
machines,  shearing  and  punching  machine,  planing  machine, 
screwing  machine,  seven  smith's  forges  blown  by  a 
small  fan,  a  steam  hammer,  and  foimdry.  Nearly  all 
appliances  are  made  in  the  shops — e.g.,  tubs,  couplings, 
haulage  pulleys,  engine  bearings,  coke  plant,  appliances, 
brake  wheel  frames,  pedestals,  cappings,  hooks,  bolts,. 
&c.,  &c. 
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All  the  workmen  are  natives,  the  shops  being  in  charge 
of  a  European  foreman.  Castings  up  to  10  cwt.  are  made 
in  the  Company's  railway  workshops  at  Dibrugarh. 

In  concluding  the  foregoing  note  on  the  Makum  Coalfield, 
the  writer  has  touched  upon  the  collieries  only. 

There  are,  besides  the  collieries,  oilworks,  and  very  fine 
saw  mills,  equipped  with  the  latest  designs  of  sawing 
machinery;  also  a  large  brick  and  pipe  works. 


The  Chairman  :  I  am  sure  you  will  accord  Mr.  Harris  a 
hearty  vote  of  thanks  for  his  very  interesting  paper  on  a 
coalfield  of  which  we  shall  now  have  some  record  in  the 
proceedings  of  our  Society.  I  move  that  we  give  Mr. 
Harris  our  heartiest  thanks. 

Mr.  W.  A.  RiTsox  seconded  the  proposal  and  it  was 
adopted. 


Mr.  George  Caldwell  contributed  the  following  "  Notes 
on  White  Sandstone  Nodules  found  in  No.  1  Pit,  Lord 
Derby's  Siding,  Rainford  "  :  — 
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NOTES  ON  WHITE  SANDSTONE  NODULES  FOUND 

IN  No.  1  PIT,  LORD  DERBY'S  SIDING, 

RAINFORD. 

By  Mr.  George  Caldwell. 


The  Rainford  Coal  Company,  Limited,  has  recently  been 
deepening  their  No.  1  Pit  at  Lord  Derby's  Siding,  Rainford, 
below  the  7  feet  Mine  to  the  Arley  or  Bickerstaffe  4  feet 
Mine.  After  passing  the  Rushy  Park  Mine,  at  194  yards 
deep  from  the  surface,  we  found  the  section  as  follows  : — 
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The  Grey  Rock  last  mentioned  contained  a  number  of 
large  round  nodules,  apparently  of  white  sandstone,  varying- 
from  three  inches  to  eight  inches  in  diameter.  I  am  send- 
ing a  box  addressed  to  the  Society's  rooms,  in  Manchester, 
containing  seven  of  these  nodules,  which  may  interest  some 
of  the  members. 


A  vote  of  thanks  was  passed  to  Mr.  Caldwell  for  his 
communication. 

This  concluded  the  bminesB  of  the  Meeting. 
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